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Genera! aerial view of Fort Peck Dam and Lake, looking west

FORT PECK DAM, MONTANA
EMBANKMENT CRITERIA
AND PERFORMANCE REPORT PLATE 1




Wiseds | .wn_«a . . .
20 /vwe 251 S38N0UISMO Pue PIBAYOIMS ‘adespe) Buimoys "'yuou Buniool ‘MalA jeuay
<.

movoo ho«nundﬂnatﬂ

. JwetAaqTaqeq |
vl.ll(lll)..lfill.'
- e ’n
|tlauuugy RIS Pl &
.fk&\f«ﬁwﬁonuno,u.,..
B 2ab g L, X 2

PLATE 2

q'. .
o LA [

..l.\.@:, Iy -~
484 UbICEBIIy

FORT Pt CK DAM. MONTANA
EMEALIMENT CRITERIA
AND #8547 ORMANCE REPORT




PARAGRAPH

1.1
1.2
1.3
1.4
1.5

2.1
2.2
2.3
2.4

2.5
2'6

FORT PECK DAM AMD RESERVOIR

MISSOURI RIVER BASIN, MONTANA

Embankment Criteria and Pexformance Report

TABLE OF CONTERTS

IITLE

General Aerial View of Project
Aerial View of Tallrace, Switchyard,
and Powerhouses

Pertinent Data

SECTION I ~ INTRODUCTION

Purpose and Scope of Report
Project Location

Project Purposes

Project Authorization
Estimated Cost

SECTIOR II - PROJECT DESCRIPTION

General

Embankment

Gated Concrete Spillway
Hydroelectric Generating Plant
Flood Control Outlet Works
Reservoir Storage Capacity

TC-1

Plate 1

Plate 2
PD-1

1-1
1-1
1-1
1-1
1-2

I1-1
I1-1
I1-1
I1-1
1I-1
I1-1




PARAGRAPH

301
3.2
3.3

4.1
4.2
4,2.1
4.2.2
4.3
4.4
4.5
4.6

4.6.1
4.6.2
4.7
4.8
4.8.1

4.8.2

5.1
5.2
5.3
5.3.1

5.3.2
5.3.3

SECYION III - SITE GROLOGY

Foundation Explorations
Foundation Overburden

Foundation Bedrock
SECTION IV —~ CONSTRUCTION HISTORY

General
Design of Hydraulic Fill
General
Specifications for Hydraulic Fill
Foundation and Abutment Treatment
Steel Sheet Pile Cutoff Wall
Method of Embankment Construction
Added Upstream Berm Between Station 30400
and Station 75+00
General
Stability Analyses
Closure
Embankment Completion
Elevation 2,250 ft m.s.l. to
Elevation 2,275 ft. m.s.l.
Final Topping Out in 1946 and 1948

SECTION V ~ SLIDE INVESTIGATION

General
Board of Consultants

Data Made Available as Result of Investigations
Earth Shock

Explorations
Geological Features

TC-2

PAGE NO.

I11-1
I11-1
I11-2

Iv-1
Iv-1
Iv-1
Iv-1
Iv-3
Iv-4
-7

v-8
Iv-8
Iv-8
Iv-9
Iv-13

Iv-13
Iv-14

V-1
V-2
V-3
V-4
V-5
V-5




Py

PARACRAPH TITLE
SECTION V — SLIDE INVESTIGATION (Cont'd)

5.3.4 Tests

5.3.5 Stability Analyses

5.3.6 Summary

5.4 Conclusions and Recommendations of Board

5.4.1 Cause of Slide

5.4.2 Reconstruction in Slide Area

5.4.3 Treatment of Portion of Dam Unaffected
by Slide

5.4.4 Compaction of Hydraulic Fill

5.4.5 Construction Above Elevation 2250 ft, m.s.l.

5.4.6 Dike Section

5.4.7 Treatment of Intake Structure

5.4.8 Deflection Records

5.4.9 Compilation of Notes

SECTION VI — EVALUAYION OF RIPRAP SLOPEK PROTRCTION

6.1 Description of Riprap Slope Protection
(Original Construction)

6.1.1 General

6.1,2 Upstream Shell Material
6.1.3 Gravel Bedding

6.1.4 Riprap

6.2 Performance History

6.3 Upstream Face Repair Contracts
6.3.1 First Experimental Contract
6.3.2 Second Experimental Contract
6.3.3 Upstream Face Repairs - Third Contract
6.3.4 Summary

6.4 Evaluation of Sl pe Protection
6.4.1 Adequacy of Filter Design
6.4.2 Adequacy of Riprap Stone

6.5 Conclusions

TC-3

PAGE NO.

V-6
v-7
v-7
v-8
v-8

V-9

v-9

V-10
v-10
v-10
v-10
v-11

Vi-1
Vi-1
Vi-1
vi-1
vi-1
VIi-1
vi-2
Vi-2
Vi-2
VI-3
vi-3
vI-3
vi-3
VI-4
VI-5




o

PARAGRAPH

TITLE

PAGE MO.

SECYION VII — EMBANEKMENT, FOUNDATION, AND ABUYMERT SEEPACE OBSERVATIONS

7.1
7.2
7.3
7.3.1
7.3.2
7.3.3
7.3.4
7.3.5
7.3.6
7.3.7
7.3.8
7.4
7.5
7.6
7.6.1
7.7
7.8
7.9
7.10
7.11

8.1
8.2
8.2.1
8.2.2
8.2.3

e o o o et o =~ i

General
Foundation Data
Downstream Pressure Relief Wells

Previous Reports and Correspondence

VII-1
VII-1
VIiI-l
VII-1

History Prior to Installation of Relief Wells VIiIi-1

Temporary Relief Wells

Operation of Temporary Wells

Testing Materials for Permanent Wells
Design of Permanent Well System
Installation of Permanent Relief Wells
Summary of Observation Data

Downstream Pressure Wells and Pilezometers
Head Loss Through Sheet Piling

Analysis of Seepage Performance

Conclusions

VII-2
VII-4
VII-5
vII-7
ViI-8
VII-9
VII-10
VII-10
VII-11
V1I-13

Head Loss Through Sheet Piling Above Clay Stratum VII-13

Left Abutment Pore Pressure
Right Abutment "A” Fault Iavestigation
Core Investigation at Statiom 35+00

Miscellaneous Observations

General

Embankment Movement Observations
Embankment and Dike Motion
Foundation Settlement Record

Tiltmeter Observations

TC-4

ViI-13
ViI-14
VII-15
ViIi-16

SECTION VIII ~ EMBANKMENT MOVEMENT OBSKEVATIONS

VIiiI-1
VIII-1
VIII-1
VIII-1
VIII-1




CEe e

e

e

ST N G2 - - o3 - 3h AT AW

PLATE NO.

1-2
2-1
3-1
3-2 thru 3-6
3-7 thru 3-19

4-1 and 4-2
4-3

4-5
4~6

4-10

TITLE PAGE ¥O.

Exploration Contracts — Fort Peck Dam 111-1
Strength Constants Adopted for Analysis of ]
Upstream Foundation ‘ -9
Riprap Stone - Actual Versus Required Gradations Vi-4

Increase In Total Head (Expressed as

Foundation Resistance) VIi-12
Increase In Foundation Resistance
From Upstream Seepage Gradient vIii-12
TITLE

Missouri River Basin Map

Dam Comnstruction Grid System

Construction Features

Index to Drill Holes (Plan View)

Foundation Soil Profiles

Tabulation and Index of Drill Hole Logs for Foundation
Investigation

Specifications

Effective Size of Fill Samples, Station 40400

Clay Content of Fill Samples, Station 40+00

Plan of Added Upstream Bern

Stability Analyses of Upstream Foundation -- Station 58+00
Jurgensoa's Method

Stability Analysis of Upstream Foundation -- Station 58+00;
Swedish Methed - Circle Analysis

Stability Analysis of Upstream Foundation with Upstream Berm --
Station 58+00; Swedish Method — Circle Anslysis

Stability Analysis of Upstream Foundation -- Station 58+00;
Swedish Methed - Graphical Analysis

Stability Analysis of Upstream Foundation -~ Station 58+00;
Slide Along Clay Foundation Due To  ore Pressure

TC-5




4-13

4-14

4~15

5-2
5-3

S5~4

5-9 and 5-10

5-11
5-12
5-13
5-14 thru
5-17

TITLE

Stability Analysis of Upstream Foundation -
Swedish Method — Circle Analysis

Stability Analysis of Upstream Foundation -
Swedish Method — Graphical Analysis

Stability Analysis of Upstream Foundation -
Swedish Msthod - Circle Analysis

Stability Analysis of Upstream Foundation -
Swedigh Method — Circle Analysis

Stability Analysis of Upstream Foundation -
Swedish Method — Circle Analysis

Station 65t00;

Station 65+00;

Station 75+00;

Station 40+00;

Station 25+00;

Slide Investigation - Plan of Underground Geology of Tunnels
and Slide Area

Slide Investigation - Plan of Surface Geology in Slide Area
Tests of Materilals

Test Series 1 ~ Test on Overburden Material in Bamaged Area:

Consolidated Shear Tests on Mixed Material From Calyx Hole
No. 4

Specific Gravity, Moisture Content, Void Ratio, and Percent
Voids on Material From Calyx Hole No. 4

Test Series 2 — Tests on Shell and Transition—Zone Material

in Unaffected Portions of Dam:

Consolidated—-Shear Tests on Transition-Zone Material

Consolidation Tests on Transition-Zone Material

Relative-Density Tests, Transition-Zone Material (Test Pit 5)

Typical Critical-Void-Ratio Curves for Transition-Zone Material
and Shell Material

Relative-Density Tests, Shell Material (Test Pit 1)

Summary of Critical-Density Tests, Shell Material

Petrographic Analysis of Sand Sample of Shell Material

Summary of Results of Tests on Experimental Rolled Hydraulic
Fill

TC-6




5-21

5-22
5-23
5-24

5-25
5~27
5-28
5-29
5-30
5-31
5-32

5-33

5-34

5-35

5~36

and 5-26

TITLE

Test Series 3 - Tests on Typical Foundation Sands and Clays:

Consolidated—~Shear Test on Surface Clay

Quick-Shear Test on Surface Clay

Consolidation Test on Surface Clay

Typical Critical-Void-Ratio Test on Foundation Sand

Test Series 4 — Tests on Core Material:

Consolidated Shear Tests
Quick-Shear Tests
Consolidation Tests

Test Series 5 — Tests on Shale and Bentonite:
Consolidated Shear Tests — Weathered Shale, Merriman Drift

Consolidated Shear Tests — Weathered Shale
Summary of Regults — Shear Tests on Weathered Shale and Glacia’
Till
Consolidated Shear Tests — Bentonites from Crosby Drift
Quick Shear Tests — Bentonite from Merriman Drift
Results of Shear Tests
Stability Analysis of the Upstream Foundation Prior to Slide for
a Safety Factor of 1.0 —— Station 12+75; Static Slide Analysis
Stability Analysis of the Upstream Foundation Prior to Slide
for a Safety Factor of 1.0 — Station 15+00; Static Slide
Analysis
Stability Analysis of the Upstream Foundation Prior to Slide
for a Safety Factor of 1.0 —— Statiou 15+00; Elastic Method
Stability Analysis of the Upstream Foundation Prior to Slide
for a Safety Factor of 1.0 — Station 18+00, Static Slide
Analysis
Stability Analysis of the Upstream Slope for Reconstruction
Plan -- Station 8+00; Static Slide Analysis

TC-7




5-42

5-43

5-44
5-45
5-46
5-47
5-48

7-2
7-3

TITE

Stability Analysis Reconstruction Plan -- Upstream Slope
at Statlion 10+00; Static Slide Analysis

Stability Analysis Reconstruction Plan -- Upstream Foundation
with Proposed Berm; Station 12+75; Static Slide Analysis

Stability Analysis Reconstruction Plan —-- Proposed Berm at
Station 15+00; Elastic Method

Stability Analysis Reconstruction Plan -- Upstream Foundation
and Proposed Berm at Station 15+00; Static Slide

Stability Analysis Reconstruction Plan -—- Upstream Foundation
with Proposed Berm at Station 22+00; Static Slide Analysis

Stability Analysis Recomstruction Plan — Upstream Foundation
and Proposed Berm at Station 58+00; Static Slide Analysis

Stability Analysis Reconstruction Plan ~- Upstream Foundation
with Proposed Berm at Station 85+00; Static Slide Analysis

Plan of Right Abutment - Upstream

Plan of Right Abutment - Downstream

Revised Cross Sections

Plan of Left Abutment - Upstream

Plan of Left Abutment - Downstream

Riprap Slope Protection Evaluation, General Data

Riprap Slope Protection Evaluation, Riprap Slope Protection -
Actual Gradations

Riprap Slope Protection Evaluation, Riprap Stome — Actual
versus Required Gradations

Location of Piezometers and Relief Wells, Main Dam and Left
Abutment

Soil Profile Along Cutoff Wall

Sections at Station 35+00 and Station 50400, Soil Profile

and Underseepage Gradients

TC-8




g

PLATE NO. TITLE

1-4 Sections at Station 60400 and Station 67400 Soil Profile |
and Underseepage Gradients 4

7-5 Soil Profile R 19+00D

7-6 Underseepage Studies Contours on Top of Shale Foundation

7-6A Summary of Hydrostatic Pressure Beneath Clay Stratum 1939 to

1942 Inclusive - Station 60+00

7-7 Permanent Well Relief System and Permancut Piezometer

Installations Along Range 20+00-D ?

7-8 Permanent Well Rellef System - Typical Well Installation

7-9 Summary of Hydraulic Data Downstream, Pressure Relief
Well System, 1942-1947

7-10 Summary of Hydraulic Data for Downstream Pressure Relief

Well System, 1948-1953
7-11 Summary of Hydraulic Data for Downstream Pressure Rellef
Well System, 1954-1959

7-12 Summary of Hydraulic Data for Downstream Pressure Relief
Well System, 1960-1971

7-13 Summary of Hydraulic Data for Downstream Pressure Relief
Well System, 1971-1982 (Station 45400 - 52+00)

7-14 Summary of Hydraulic Data for Downstream Pressure Relief
Well System, 1971-1982 (Station 52+00 - 57+400)

7-15 Summary of Hydraulic Data for Downstream Pressure Relief
Well System 1971~-1982 (Station 574+00 - 62+00)

7-16 Summary of Hydraulic Data for Downstream Pressure Rellef
Well System 1971~1982 (Statiom 62+00 - 66+00)

7-17 Summary of Hydraulic Data for Downstream Pressure Relief
Well System 1971~1982 (Station 66+00 - 72+00)

7-18 Summary of Hydraulic Data for Downstream Pressure Relief
Well System 1971~1982 (Station 72400 - 74+00)

7-19 Hydrostatic Pressure Pattern in Gravel Strata Beneath

Clay Stratum - 1-22-51
7-20 and 7-21 Station 35+00 Hydrostatic Pressure Beaeath Clay Stratum
7-22 and 7-23 Station 50+00 Hydrostatic Pressure Beneath Clay Stratum
7-24 and 7-25 Station 60+00 Hydrostatic Pressure Beneath Clay Stratum

TC-9




U =
———— e i s - St e+ g s .

PLATE MO. TITLE

7-26 and 7-27 Station 70400 Hydrostatic Pressure Beneath Clay Stratum

7-28 thru 7-34 Deleted

7-35 and 7-36 Underseepage Studies, Station 35+00, Analysis of
Seepage Performance

7-37 and 7-38 Underseepage Studies, Station 504+00, Analysis of
Seepage Performance

7-39 and 7-40 Underseepage Studies, Station 60+00, Analysis of

, Seepage Performance

7-41 and 7-42 Underseepage Studies, Station 70+00, Analysis of
Seepage Performance

7-43 and 7-44 Station 35400, Study of Head Loss Through Sheet Piling
Above Clay Stratum

7-45 and 7-46 Station 60400, Study of Head Loss Through Sheet Piling
Above Clay Stratum

7-47 and 7-48 Left Abutment Pore Pressure Piezometers

7-49 and 7-50 Right Abutment "A" Fault Investigation

7-51 and 7-52 Equipotential Lines for Impervious Core and Piezometer
Graphs Station 35+00

7-53 Location of Seepage Pipes

7-54 and 7-55 Saturation Line Observatioms, Station 10+00

7~56 and 7-57 Saturation Line Observations, Station 15+00

7-58 and 7-59 Saturation Line Observations, Station 20+00

7-60 and 7-61 Saturation Line Observations, Station 35+00

7-62 and 7-63 Saturation Line Observations, Station 50+00

7-64 and 7~65 Saturation Line Observations, Station 60+00

7-66 and 7-67 Saturation Line Observations, Station 67+00

7-68 and 769 Saturation Line Observations, Station 81400

7-70 and 7~71 Saturation Line Observations, Station 90+00

7-72 Pressure Contours for Upper Pervious Stratum and Gravel
Toe Profile and Section
7-73 Details of Existing Toe Dralm Outlet Pipe after Repairs
for September 1958
7-74 Toe Drain Discharge Since 1960
TC-10




PLATE MO.

7~75 and 7-76
7-77 and 7-78
7<-79 and 7-80

8-1
8-2
8-3
8-4
8-5

8-6
8-7
8-8
8-9
8-10
8-11
8-12
8-13

Plate A-1

Plates A-2

thru A-9

Plate A-10

Plate A-11

Plate A-12
Plate A~13

TITLE

Saturation Line Observations, Station 115+00
Saturation Line Observations, Station 145+00
Saturation Line Observations, Station 165+00

Location of Bench Marks, Settlement and Subsidence Pipes

Crest of Dam, Record of Settlement Since September 1939

Horizontal Movement Countrol, Plan~Graphs-Tabulation

Crest of Dike Record of Settlement Since August 1941 (Profile)

Crest of Dike Record of Settlement Since August 1941
(Selected Summary)

Summary of Foundation Settlement and Foundation Profile

Summary of Foundation Settlement, Station 20400

Summary of Foundation Settlement, Station 35+00

Summary of Foundation Settlement, Station 50+00

Summary of Foundation Settlement, Station 60+00

Summary of Foundation Settlement, Station 67+00

Summary of Foundation Settlement, Station 81400

Summary of Foundation Settlem:-nt, Station 90400

APPENDIX A — PROYOGRAPHS

View of Sheetpile Cutoff Wall Prior to Embedment in the
Impervious Core of the Hydraulic Fill

Photographs of Embankment Construction Operations

Aerial View of Right Abutment of Essentially Complete Dam
Embankment (Photograph Taken 29 Jume 1938)

Aerial View of 22 September 1938 Slide that Occurred on the
Upstream Face of the Dam

Vertical Aerial View of the 22 September 1938 Slide

Photograph Showing Reconstruction Operations

APPENDIX B - BIBLIOGRAPHY OF REFERENCE DATA

TC-11

-~

- .- - e — ,M-H;_‘_, —— em——— e a ”~
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Authorization.

Location.

Embankment .
Top of Dam

Length of Dam

to Maximum Pool)
Maximum Height
Type of Fill
Fill Quantity

width at Crest

Width at Base
Date of Closure

FORT PECK DAM AND LAKE
MISSOURI RIVER, MONTARA

PERTINENT DATA

The Fort Peck Lake Project was recommended by the Chief of
30 September 1933; authorized by the Public
24 October 19333
River and Harbor Act, 30 August 1935 (House Document 238,

Engineers,

Works Administration, approved by the

73rd Congress, 2nd Session); and amended by the Act of 18
May 1938 (Public Law 529, 75th Congress, 3rd Session) and
by the Act of 3 June 1948 (Public Law 586, 80th Congress).
The of flood

tuanels,

project consists an earth dam, control

spillway, powerplant, and multiple-purpose

reservoir operated as a unit in the comprehensive plan for
flood control, irrigation, and other

navigation, power,

uses.

The project 1is located on the Missouri River at River Mile
1771.5 in McCone and Valley Counties, 20 miles
(32 kilometers (km)) southeast of Glasgow, Montana.

Montana,

Elevation 2280.5 feet (ft) mean
sea level (m.s.l.)
21,026 ft or 6,413 meters (m)

(Including Dike Section)
Damming Height (Low Water

220 ft or 67 m

250.5 ft or 76 m

Hydraulic and Rolled Earth

125,628,000 cubic yards (cu. yd.)
or 95,625,000 cubic meters (m3)

50 ft or iv m

4,900 ft or 1,495 m

24 June 1937

PD-1
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Spillway.
Location 3 miles or 4.8 km east of dam
Type Concrete-lined chute with gated weir
Design Discharge Capacity 250,000 cubic feet per second (c.f.s.)
or 7,000 m3g
Crest Elevation 2,225 ft m.s.1.
Width (Including Piers) 820 ft or 250 m J
Gates (Stoney)-Number and Size 16 - 25 ft (7.6m) by 40 ft (12.2 m) ;
Gate Operating Machinery Motor-operated with individual |
hoists and counterweights 1

Outlet Works.

Tunnels-Number and Size Two - 24 ft (7.3 m)
Tunnel Length (Inlet Portal--

Station O04+Q7--to Outlet Portal)

No. 3 6,614.78 ft or 2,018 m
No. &4 7,239.66 ft or 2,208 m
Control Gates, Cylindrical,
One for Each Tunnel-Size 12 ft (3.7 m) by 28 ft (8.5 m) (diameter)

Maximum Discharge Capacity per Tunnel
of Elevation 2,250 ft m.s.l. and
9.35 ft (2.9 m) Opening 22,500 c.f.s. or 630 m3s

Power Facilities.

Poverplant No. 1

Power Tunnel Size 24.66 ft (7.5 m) dia.
Power Tunnel, Lengths (Inlet Portal—
Station 0+07--to Turbine Spiral Case)

Unit No. 1 5,662.0 ft or 1,727 m
Unit No. 2 5,646.3 ft or 1,722 m
Unit No. 3 5,636.7 ft or 1,719 m
PD-2 |
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Power Penstocks-Number and Size
(Penstocks Formed by a Wye-Branch
at End of Power Conduit)

No. 2
Nos. 1 and 3

Number of Power Tunnel Gates
(for Emergency Use Only)

Gate Size

Penstock Butterfly Valves—

Number and Size

Average Gross Head Available
Turbines~-Number, Type, and Rated Speed

Surge Tanks (One Each Penstock;
40 ft (12.2 m) dia. All Interconnected)
Plant Capacity at Reservoir Elevation
2,246,.0 ft m.s.1. (two at 50,000
kilowatts (kw) and one at 21,000 kw)

Year of Initial Power Generation

Powerplant No. 2

Power Tunnel Size

Power Tunnel, Length Units 4 and 5
(Inlet Portal-~Station 04+07—to
Turbine Spiral Case)

One - 11 ft (3.4 m) dia.
Two - 14 ft (4.3 m) dia.

Two - Vertical lift tractor
24 ft (7.3 m) high by 11.5 ft

(3.5 m) wide

Two - 16 £t (4.9 m) dia.

One - 12 ft (3.7 m) dia.

205 ft (62.5 m)

Three ~ Francis, two rated at 128.5
revolutions per aminute (r.p.m.)

and the other at 164 (r.p.m.)

Three

121,000 kw total*
1943

22.3 ft (6.8 m) dia

6,309.5 ft or 1,924 n

*(Operational limitations at 118,000 kw at reservoir elevation 2,242.0 ft (m.s.l.))

pPD-3
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Power Penstocks-Number and Size
(Penstocks Formed by a Wye-Branch
at End of Power Conduit)

Number of Power Tunnel Gates
(for Emergency Use Only)

Gate Size

Penstock Butterfly Valves~—
Number and Size
Average Gross Head Available
Turbines-Number, Type, and Speed
Surge Tanks (All Interconnected)
Plant Capacity (Two at 40,000 kw)

Year of Initial Power Generation

Reservoir.

Dtainagg,Area-

Above Fort Peck Dam

Maximum Operating Pool Elevation
Minimum Operating Pool Elevation
(Usual Range of Pool Fluctuation)
Pool Area at Maximum Operating Elevation

Pool Area at Minimum Pool Elvation

Length of Pool at Maximum
Operating Pool Elevation
Shoreline, Miles at Elevation

2,250 ft m.s.1,

PD-4

Two - 15.83 ft (4.8 m) dia.

Two
24 ft (7.3 m) high by 11.5 ft
(3.5 m) wide

Two - 18 ft (5.5 m) dia.

205 £t (62.5 m)

Two - Francis at 128.6 r.p.m.
Two - 65 ft (20 m) dia.
80,000 kw

1961

57,725 square miles (sq. mi.)
(149,508 km2)

2,250 ft m.s.l.

2,160 ft m.s.l.

2,234 to 2,246 ft m.s.l.

247,000 acres ’
(acre) 100,000
hectacres (ha)

93,000 acre
(37,665 ha)

138 miles (222 km)

1,600 miles (2,576 km)




Reservoir Storage Elevations, Capacity, Acre-Feet (m3)
(ft m.s.l.)

Allocations.

Exclusive Flood Control 2246-2250 900,000 (1.1 x 109)

Seasonal Flood Control 2234-2246 2,800,000 (3.5 x 109)

Carryover Multiple Use 2160-~2234 11,100,000 (1.4 x 1010)

Inactive Storage 2030-2160 _4,300,000 (5.3 x 109)
Gross Storage 2030~2250 19,100,000 (2.4 x 1010)

»

[ =X Y
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SECTION I -~ INTRODUCTION
v

1.1 PURPOSE AND SCOPE OF (EPORT. The purpose of this report Is to provide,

within one volume, the sigaificant {iaformation needed by engineers to (1)
familiarize themselves with the project, (2) reevaluate the embankment in the
event of unsatisfactory performance; and (3) obtain guidance for designing
comparable future projects. The scope includes summary records of
significant design data, design assumptions, design computations, specifica-
tion requirements, construction procedures, construction experience, and
field control test da:f>
\

1.2 PROJECT LOCATION. The Fort Peck Dam is located on the Missouri River

about 11 miles (17.7 kilometers (km)) above the mouth of the Milk River, in
northeastern Montana. It 1s 69 miles (111 km) south of the international
boundary and 111 miles (180 km) west of the Ncrth Dakota Line. With respect
to the United States land surveys, the project location is near the center of
T .26 N., R .41 E., as shown on Missouri River Basin Map, plate 1-1. The
coordinates upstream from the axis of the dam are designated as Range U and
downstream from the axis, as Range D. The coordinates along the axis are
measured from a point on the right abutment. The Missouri River, at the site
of the dam, flows in a northly direction. The dam construction grid systrm
is shown on plate 1-2. N
1.3 PROJECT PURPOSES. The authorized purposes for the project are flood

control, power, irrigation, navigation, and other purposes.

1.4 PROJECT AUTHORIZATION. The Fort Peck Project was originally authorized

for navigation, incidental flood control, and power. The project with these

purposes was:

1.4.1 Recommended by the Chief of Engineers, 30 September 1933;




1.4.2 Approved by the President of the United States by Executive Order
on 14 October 1933; and

1l.4.3 Approved 1in River and Harbor Act on 30 August 1935 (House
Document 238, 73rd Congress, 2nd Session).

The project purposes were modified in the 1944 Flood Control Act (Public
Law No. 534, 78th Congress, 2nd Session) from "navigation, incidental flood

control, and power" to "flood control, power, irrigatiom, navigation, and

other purposes.” [

1.5 ESTIMATED COST.

Basic project $132,514,800
Recreation at Completed Projects 2,019,000
Total Federal Cost $134,533,800
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SECTION 11 - PROJECT DESCRIPTION

2.1 GENERAL. The main control features of the Fort Peck Dam and Reservolr
are the embankment, a gated couacrete spillway, two hydroelectric generating
plants, and the flood control outlet works. Tliese principal features are

shown on plate 2-1.

2.2 EMBANRKMENY. The 250-foot (76 meter (m)) high embankment has a total
crest length of 21,000 feet (ft) (6,405 m) at elevation 2280.5 ft mean sea
level (m.s.l.), 1s 4,900 feet (1,494 m) wide at the base tapering to S50 fcet
(15 m) wide at the crest, and contafns 125,600,000 cubic yards (cu. yd.)
(96,000,000 cubic meters (m3)) of earthfill.

2.3 GATED CONCRETE SPILLWAY. The 820-foot (250 m) wide reinforced concrete
spillway, with a crest elevation of 2225 ft (m.s.l.) and sixteen 25-foot

(8.2 m) by 40-foot (12 m) electrically operated vertical-lift steel gates, is
a safety valve to ensure that unprecedented floodflows will not uvertop the

dam. This structure is capable of discharging 230,000 cubic feet per second
(c.f.8.) (6,440 cubic meters per second (m3s), with the reservoir at

elevation 2250.0 ft m.s.l.

2.4 PHBYDROKLECTRIC GENERATING PLANT. The two powerplants, located 1n the

right abutment, house five generating units with a combined capacity of
165,000 kilowatts (kw).

2.5 FLOOD CONTROL OUTLET WORKS., The outlet works, located 1n the right

abutment, consists of two each concrete-lined tunnels, intake structures,

control ghafts, and an outlet channel.

2.6 RESKERVOIR STORAGE CAPACITY. The full storage capacity of the Fort Peck
Regservolir with the pool at elevation 2250.0 ft m.s.l. is 19,100,000 acre-ft
(2.3 x 1010p3), The 900,000 acre-ft (1.1 x 10%9m3) available between
elevations 2246 and 2250 ft m.s.l. is usually reserved for flood control.

I1-1
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SECTION II1 - SITE GEOLOGY

3.1 PFOUNDATION EXPLORATIONS. The foundation exploratlom for the Fort Peck

Dam was accomplished by contract drilling, except for Ilimited foundation
drilling by Government plant and hired labor. The foundation exploration

contracts are summarized in table 3-1.

TABLE 3-1

EXPLORATION CONTRACTS — FORT PECK DAM

Contractor Exploration Areas No. of Holes Total Depth
feet/meters

E. J. Longyear Valley and Abutments

(Embankment Area) 42 6,100/1,860
S. J. Mathews Tunnels and Embankment

Foundation 182 8,600/2,625
Mott Tuanel, Shaft, and Portal

Area 30 4,700/1,435
Diamond Valley and Left Abutment of

Embankment; Borrow Areas 224 26,300/8,020
E. J. Longyear Three Possible Spillway Sites 75 11,000/3,355

3.2 FOUNDATION OVERBURDEN. Foundation borings showed that practically the
entire base of the dam was covered with a clay blanket. The left bank clay

was derived, in most part, from the glacial-till bluffs. On the right bank,
the clay was derived principally from the shale bluffs. Both types of clay
were relatively I{mpervious and had relatively 1low shear strength when
saturated. The borings also showed that the underlying flood plain materials
consisted of gravels, sands, and silts to a maximum depth of 160 ft (49 m).
This alluvial material overlies the Bearpaw shale bedrock, which is estimated
to be 1,000 ft (305 m) thick in this region.

1111
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3.3 FOUNDATION BEDROCK. The Bearpaw shale dips east at about 3 ft (0.9 m)

per mile (1.6 km) so, for all practical purposes, the formation can be
considered horizontal. 1t 1is interspersed with thin layers of bentonite and
with less numerous thin limestone beds, fossils, and pyrite horizons. Con-
cretions, primarily of clay-iron stone, also are numerous and range from a

fraction of an inch to several feet in diameter.

In {ts unweathered state, the Bearpaw shale is a firm clay shale which
is usually congidered as a weak rock. The shale has conchoidal fracture and
can be slightly dented with a fingermail. The dry density of unweathered
Bearpaw shale ranges from about 116 to 124 pounds per cubic foot (p.c.f.)
(1877 to 2006 kilograms per cubic meter (kgm3)) and averages 120 p.c.f. (1941
k8“‘3). The moisture content ranges from 11 percent to 18 percent and

averages about 15 percent.

The surface of the firm shale weathers readily into sand to gravel
sizes on exposure to air and moisture, and with repeated wetting and drying

disintegrates into fat clay (gumbo) soil. Weathering effects are most
intense at the shale surface but extend to depths of 30 feet (9 m) to 50 feet
(15 m). The highly weathered zone 1is usually limited to a thickness of 10
feet (3 m) to 20 feet (6 m). The transition zone from weathered to firm
shale occurs over an interval of several feet. This transition zone is
termed subfirm shale. The dry density of the weathered shale is usually less
than 100 p.c.f. (1620 kgm3) and the moisture content ranges from about 20

percent to 40 percent.

The firm shale in its wundisturbed state was probably originally
horizontal and vertical but can now best be described as irregular. Numerous
faults are in the shale. Faults in the valley walls are probably associated
with slumping of shale masses that occurred as the river steepened {ts valley
by downcutting. Most of the faults are of the gravity type and typically dip
35° to 60° with an average dip of about 45°.
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The index to drill holes is presented in plan on plate 3-1. Plates 3-2
through 3-6 preseat foundatlon profiles developed from the Diamond Drill

Contract exploratory borings. These profiles represent the best data avail-

able concerning the foundatfon beneath the dam. A tabulation and Index of
drill hole logs for the foundation investigatior is presented on plates 3-7

through 3-19.

I11-3
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Pages 3-4, 3-5 and 3-6 deleted.




Pield *log *log
Bole Book Book Book
.- P Baper Ember  Inxe
1 1204 2 22
2 1203 2 39
3 1208 1 1
4 1207-1209 1 35
s 1208 1 48
& 1205-1206 1 46
7 1208 1 12
8 1204 4 1
9 1204 1 42
10 1205~1207 1 7
n 1202 1 9
12 1201 1 17
13 1204-1208 2 1
1 1201 1 19
15  1205-1206 & 12
1 1201 2 18
17 1208 2 13
18 1207.1208 2 9
le Ko. 19 through 24 Not Drilled
25 1208 N 2
2¢ 1206 < 43
27 1208 1 3
28 1202-120% 1 32
2 1202.1209 1 28
2 1228 101 19
n 1235 101 27
32 1235 101 39
32 123¢% 109 31
34 122¢ 102 L2
35 1209 109 15
3¢ 1209-1228 101 8
37 122% 104 30
38 i225 105 30
39 1223 105 42
40 1206 A 48
[AS pe 5 7
42 1209 5 1c
& 1209 5 12
49 1209 H U
51 1206 5 19
52 1209 5 17
53 1209 5 19
58 1206 4 45
59 1205-1206 4 18
60 1205.1206 4 pVA
61 1206 4 Fay
[~ 1203 4 24
63 1203 4 30
& 1203 4 27
72 1245 Mott
73 1225 104 2
7% 1242 Mott
75 1242 Mott
76 1247
” 1255
78 1253
il Loat 108 38
80 Lost 106 3
21 1235 3101 by
82 1235 101 42
83 1235 109 14
84 1221 109 1
85 105 19
86 109 22
87 1235 102 &
88 1228 101 16
89 127 105 U
93 1222 106 16

Log Books in Box e, 22

FORT PECK DAM

TABULATION AND INDEX OF DRILL HOLE LOuwS FOR

POUNDATION INVESTIGATIONS FOR FORY PECK CAM

Ground
Contraotor Elrvstiop
Longyear 2300,2
longyear 2286.8
longyear 2083,6
Longyear 2059.4
Longyear 2057.9
Longyear 2057.7
Longysar 2057.4
Longyear 2055.0
Longyear 2055.5
Longyear  2056,3
Longyear 2047.1
Longyear 2049,.5
Longyear 2066,9
Longyear 2216.%
Longyesr 2221,5
longyear 2218.5
Longyear 2223,1
Longyear 227.3
Longyear 2148.C¢
Lengyear 20,0
Longyaar 2202,2
Longysear 2042.8
Longyear 042,23
Mathews 2069,.8
Mathevs 2072.8
Mattovs 2073.5
Matrevs 205,32
Matrowve 2112,2
Hathews 2176.4
Mathevs 2081,.8
Mathevs 2108.6
Matlews 2104.2
Matheww 2095.9
Longyear  2279.4
Longyear 22/46.9
longyear 2274.)
Longyear 224.1
Longyear 2277.8
Longyear 2320,8
Longyear 2318.0
Longyear 2326.0
longyear 2300,3
Longyear 2213.9
Longyear 2286.5
longyear 273.5
Longysar 222,.2
Longyear 2080,
Llongyear 2219.8
Mott 2233.7
Mathevs 2216.%
Mott A63.6
Nott A81.6
Mott 2243.5
Mott 2180.1
Mott 3130.9
Mathews 2117.9
Mathewe 208L.6
Mathews 2058.0
Mathews 2062,6
Mathews 2080.5%
Mathewvs 2132.4
Mathevs 2192,%
Mathewvs 2142.8
Mathevs 2087.9
Mathevs 2054.6
Mathevs 2096, 54
Mathews 201,63

Station

1+43.C
4+17.8
12405.4
18+0%.2
2,405.0
30+04.8
36404.5
42404.2
49+404.,0
55+50,6
73405.8
78+97,2
84+40.5
95401.3
120+70.0
142490.3
163+61.9
188+2¢ 2

1043C.7
208+22.2
8+04.6
63+21.1
68+13.7
14+13,2
13+53.6
13431, ¢
10439, 6
9+79,9
7486.L
10v77.2
6+69.8
5455,4
74943
205+£2,9
26+72,0
189+12.2

178+03.6
22¢+59.2

216+482,2
214+31,2
27443.3

2024247
104+10.3
100410.2

98+37,9
1054882

96+437,1
102439.7

0499.8
20+22,2

3477.2

1485.6

5416.6
13492.1
22490,0
17475.4
a411.9
26486,7
25+58.7
22411,0
19415.2
18412.2
21446.7
25436,4

8445.27

6463,2

Range

0+62.5-D
0+30.0-0
0462,5.D
0462, 5-D
0+62,4=D
0+62,5-D
062, 4D
046240
0+62 4L
0462, 4=D
0+62, 5D
0+62,5-D
0+62,5.D
0+62,4-D
3413,7-D
14461,2-D
33+21.8-D
57429.4-D

3+C3,2-C
68+62,6-D
1408, 41
0+62,3-D
062 4-T
16+54,8-1
21+49.0-L
26492,8-L
18+11,0-C
22458, 60
19402 U
14+13.1-L
16+73.0-U
13+78,9-U
1+42,2-0
56+4C .70
£9+C1,7-D
T1+C2,3-D

80+36.9-D
55473.8-D

72457,2-D
TI465.4-D
75447 .3-D

64457,7-D

8+,2,8-U
12+485,2-D
23492,0-D
18+47,2-U
35+415.3-D

1426,4-D

6+29,8-0
30+22,1-D
18+438,0-0
12+€5,5-0
10+69,3-D
22413,0-D
32408,6-D
22+18,8.D
2,,+80,6-D
26+11,8-D
29+42 4D
28414.4-D
26+40,3-D
30425.3-D
32438,9-D
33+43.8-D

16+03.14 -0
1346360

Jasisuds

638,790.3
638,591.C
632,344.6
638,093.0
£37,841.3
637,589.7
637,338.1
637,086, 5
63£,792.9
636,521.7
635,785.5
635,537.4
635,309.5
634,864.4
634,014.9
634,125,2
634,945.1
636,096.9

€38,358.2
€3¢,288.,2
£38,357.¢
£36,198.4
€35,991,8
636,608,
636,274.9

637,307.1
638,620,5
€34,347.5

636,285.7
636,852.3
636,103.°

636,171.4
€33,661.4
635,760.9
636,837,9
€32,674.9
€37,941.8
634,612,7

§333%
FIEIB
O NNMM D OO0

3

3
3

865,109,

863,516,

862,979.5
862,486.4
861,523.5
£55,086,3
356,589,
853,928, 5
85C,681,5

>
o
~3
-
12
LIRS RN RV AV IR N U Y g At

865,247.2
242,297
865,485.€
864,410,2
863,9€3.2
365,585,7
865,874.3
87C,095.1
865,599, 5
&7c,232.L
87C,258,5
869,789, ¢
87¢,268.3
870,2:8.8
870,058, %
845,151.2
848,025.1
85C,C27.4

850,641.7
847,266,8

847,447.9
847,462.6
846,3€3.)

845,106.4
861,078.0
860,548,
860,240.6
861,337.6
859,951.7
860,826.2

87C,348.1
867,0M.0
870,603.2
870,536.9
869,257.0
867,982,5
866,749.7
867,632,1
867,215.C
866,640.0
866,617.5
866,986.8
867,328.3
867,260.4
866,867,1
866,469,3
865,998.3
870.079.7

870,144.5
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TASULATION AND INDEX CF DRILL HOLE LOGS FOR POUNDAT ™~ _:yESTIG

*Log
Book

¥ealar

Xott
8
JOR

Mot
1cH
1C4

¢l
101

3y
[EW NI SN

e I R T
S OO

(o NS

103
103
103
103
104
102

Fald
ole Sonk
LS. hhag

92 1243
73 122
9 122¢-1227
35 1250
36

” 07
Fole No. 98 through 114
1.5 1256
s 1259
17 1249
hOE-} 1259
19 140
1z0 1188
122 1142
m ARV
123 1235
124 1235
125 14z
136 12
127 1249
128 1259
129 1259
120 1249
131 1289
132 1259
133 1259
T34 1245
133 1o
134 1162
237 il
138 1152
-39 1152
A 12
Tl .52
4 w12
w2 e
i, 1142
prA 1227
P 1223
) 223
143 1223
A4S 1226
150 223
151 1223
1514 123
162 1UT-1033
) 1227
154 1223
155 423
pld 1223
7 t223
1¢2 1223
L9 1.0¢
L& 1226
161 122€
162 1226
163 1226
1684 1226
165 1226
16£ 1226
167 1226
168 1223
160 1223
17 1223
m 1224
172 1223
7 1226
174 26
175 1226
176 1226
™ 1226
178 1226
179 1226
180 1226
181 1223
182 1224
183 1224
184 1224
185 1224
186 1224-125%9
187 1223

*log Books in Box No. 22
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Fais

43
17

1
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Grom-n

fontr -¢ter Elevetlop

Yottt
Hathove
Mathows
Mott
Yethova
Matl sve

2ianond
Dismond
D4 ayond
D4 smond
D{amond
Dimmond
Diamond
Diwmsond
Matheva
Matheve
Dlamond
Dl amcnd
Diamond
Di amond
Diamond
Dimmond
Diamond
Diarond
Dismond
Clamond
Diemond
Dimnond
D axond
D amond
Digmend
Dixxpoad
Meond
D! maond
Darced
D4 around
Matrews
Hatheva
Mpthave
Vathewvs
Mathaus

Mathevs
Mathovs
Jov't Laber
Hathews
Mathews
Matrewvs
Matlova
Mathews
Mathews
Mathevs
athnvs
Mathevs
Matleve
Mathave
Mathevs
Mathevs
Mathews
Mat! eve
Mathevs
Mathews
Aathove
Matbevy
Mathews
Mathews
Mathewvs
Mathevs
Mathews
Mathewve
Mathews
Mathewvs
Mathevs
Mathews
Mathevs
Mathevy
Mathevs
Mathewe
Mathews
Mathevs
Matheve

227,
2089.35
P
271 @
2024,22
2164.5

20+3.87
205542
2047.9
049.1
2026.4
2035.)
2056.5
2054.1
2047,0

2055.8
2084,¢
A55,7
56,0
2047.5
2045.7
2034,2
2045.0
54,2
2057.8
205%.9
2057.1
2055, 4
064,46
WL
27880
27,0

bamian-)

20661

b ol 4

’.‘o,}oz{ieo

2165
2046.6

2045.9
2751.1
054,13
274%,0
2051.7
2041,6
2045.8
60, €
2062.2
20~2,9
2:%2,2
2063.77
2%°59.8
2060,1
20%e, 1
2Cs2.9%
2040, 6
2051.3
2050.2
2062,7
SCLE D
2042.02
2051.1%
2051.19
206%.12
2065.3
20%0.07
2045.09
2042.4
2046.8
057,25
FAaalivs)
2057.%,
205,72
204€.65
204441

2a8dsn

1443.4
3.4
104477
6&+26,0
1+63,0
194124

S0+39.4
80+39.4
70+38.7
&28,.8
50+438.7
40+68.,0
30+68,0
15468,1
T6+17,2
1+67,%
15468,1
55413,7
654386
P+09.4
35439 .4
95+39.4
W0+39.8
80+38.9
4387
6C+88,6
50+63,1
40+68,1
384¢8.1
193+12,4
181+68,6
172+428.6
162+88 .6
1537487
1444087
186438 &
16+30, ¢
25409,
A,484.5
43+1.8
54484, 6
£2486,7
?5+87,2

85+37.3
Q5+427,2
105+67.2
101+447.1
0+72,1
80+487.2
PIH4,1
£C444.5
40404.5
ALY
204044
16+19,%
26404.5
35+79,5
L6+19,¢
see60,6
65494.7
76447.2
85497, 2
84+ .0
74+53.9
€4+53.9
45+43.8
35+13.9
25+428.9
30+18.7
39463.7
49+23.8
57+,8.8
69+33.8
79+38.8
88+78.9
94+88.7
85+13.7
75413,
65433,

3-8

Rapge

8+39,2-0
15+¢3.0-L
16+43.2U
20+1€,2D
6+70.9-D
?8+417.1.D

T94+€7.1-D
79467.1-D
TIG6 9D
TI466.9-0
TIHT 0D
79458 ,2-0
75+58,2.D
13458 ,4=D

0+€2,5-T

0464 .6-D
73+58,1-D
73466,9-D
73+66,9~D
73+67.2-D
7367 .1-D
73+67.0-D
67+67,2D
67+67,0.D
67+66.9-D
67+67.5-D
67+458,2-D
6745810
61+58,2-D
I4HLR, %0
34+40,3-7
2+ 0,0-0
34+39,.2.0
3433, 80
3413945
¥+0.2.L
36+€2,.6C
16462, ,6.0
36+62,6-7
26+62,5-0
16+62.5-0
314447,.6-0
3647 .50

36467, 5-U
3€4€7,7-C
CE+67,7-0
26482, 6.0
26482, 4~U
20+2.520
2612,5-0
2682, 6=l
€+82,6-7
26482, 6-0
26+82,7-1
1781764
17417.7-2
AR S Sa
ITHITGET
1merr L
1741764
17417, 8-
MRS Ul N
26+4C,0- 0
26439,0.8
26430 6.0
26429 LD
16+35,2.8
26+39,0-D
35499 ,0-C
35+99,3.D
35+99.3-D
35+499,5-D
35499 ,7-D
36+400.0-D
36400,1-D
45475,2-D
45475.1-D
4S¥74,8<D
45+74.6-D

asitude

637,967.4
637,037.2
636,962,4
£453,361,2

2,628 .6
€40, 548 .6

€2,232.7
€12,€53.2
643,072,8
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£34,781,0
63L,41€,0
834,01%.,4
623,575,
£33,163.2
632,701.1
632,281.¢
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$34,€78. 5
635,077.C
£35,475.5
63€,555.0
£36,141.8

F34,068,0
634,026,
£33, 627.¢
£37,6%0 4
£18,063,0
£38,901,7
£, 283,12
£19,715,2
60,128,
640,794,
640,398,0
619,995 4
€39,649.4
619,1¢2.¢
638,731.1
638,336.9
638,966,2
639,375.1
630,794.4
640,205,

JONS _FoA rosf PECA DAM . Copd

Deaig-
Beparsure nAticn
27¢,327.17  Tanrel
864,954 8 Tunrel
863,%12,7  Turnel
368 ,760.L  Tunrel
868,016,8  Tunnel
267,256,7 Tucnel
858,626,282  Bcrrow
P€3,534.6  Borrev
860,441.0 Borrow
B€1,7¢72,7  Berrs
8€2,2¢8,5  Borrev
£63,143,2 Borrow
864,051 Borrow
8631,848.8 Bcrrov
863,232,7 Axis
8€2,733,2 Axis
862,9.1.1 EBorrow
86%,979.C  Borrov
8€>,.48.6 Borrow
859,9C4.3 Borrow
859,332.L Borrew
85%,42,.7 Borrow
859,129.2  Borrov
e, c1, < Borrovw
860,94¢,4  Borrov
861,808,8 Borrow
262,732.9  Berrow
8€3,f46.6  Borrew
86&;,,079.38 Borrov
gs..2m.2 L At
B55,32¢,0 L Arut
Ree 2,2 L odwat
85€,831.5 L kmat
$7,68L.¢ L A

258,377 L At
§5(,702.5 L Abut

§™,0%2,7 Serrev
PEELLETG Rervow
8€8,66.0  DJorrev
867,612.8  Borrov
8&£,732.2 Borrew
865,733,  Sorrow
Bby,826,7 3¢ rav

Berrcw
361,6¢3,3 Borre
2 CELLT Berrov
362,120.7  Berrow
8€2,7R8,7 Burrew
863,064 .5 Borrew
262,958, ,6  Rocrow
REy,, X027 Wrrow
66,7206 Borrow
267, 604,,7  Berrow
868,:27.1 Borrewv
£60,383.5  Porrow
869, ,24.2  Rorrew
868,530.8  Borrow
2€7,645,7 TBorrow
96+, F Barrow
865 ,239,2 v rTOV
REL,908.7  Borrow
862,957 2 BRorrow
63,0 0 Berrov
261,781.¢  Bare D
#62,300,” Berm D
Ré6L,11€.4 Ram D
264,%2,6 Bere U
Bic, 2™, ¢ Bere T
866,771.8  Berm D
36<,924,4  Berrew
B6S,C6E,.%8 Borrow
864,195,C Borrew
Bf3,44E,0  Borrow
rE2,37C.2 Rorrow
861,4,57.8 Borrew
860,604.4 Borrow
859,641.8 Borrov
860,526,9 Borrow
861,434.7 Borrov
862,32,.4 Borrowv

A daAaAadaaacaI Al el ciclalcl ] Q3oeivtel

e R-R-R-RoN. o ls)

UMooouuUuooooooo

[~ HoRoR-ReolsRoNaNoloRe

~

g
a s Ak

0y
IS

g ¥
LR,
k=

A e 4 mmeaM a)

g

n
Q

a2 2 a3 a8 a%

¥
. a ayM

— O S——




r'—'—————'———'—'——"—‘

TARSATION AND JNDEX OF DRI HOLE LOWS FUR FOUNDATICN INYESTICATICNS FuF FORT PEC! LAM - Contd
Pield *log *log

Hole Book Book Book Grnund Desig- Pile
Ko, Maber MNumber Page Conirestor Ivvation Station  Ragge Latitude  Depariure patiop locatjop
188 1226 103 4 Mathewvs 2040.71  €2+28.4 30482.3-D &L0,€45.¢ 8€3,277,6 Borrov D Box 3¢
189 1226 104 1  Mathews 2043.92  45¥78.7 4+TL.3-D 641,025.2  B&L,099.3 Borrov D  *
19C 1226 104 7 Mathews 2049.73  35468,6 (5+74.3-D 641,448.8  86%,(1€.2 Borrovl
192 105 47 Mathews 2118.72 9+31,0 22+43.4<C  €637,274.3 B865,851.0  Tunnel .
192 1244 Mott Mott 2250.7 L¥54,7 B+66,6T  617,816.) 870,125.3  Tunnel .
194 1246 Mott 2278.1 3+10.7  5+41.4-D  639,154.7  869,665.3  Tunnel "
198 1221-1234 105 36 Mathews 2097.8  19+56.3 24+77.4-D  640,221,9  867,3%9.4 Tunnel .
199 12,5 Mott Mott 2133.7 §426,8  5+56€,5-0  €38,067,3  860,929.8  Tunnel .
o¢ 1251 Yot RSECNS €+37,0 1+1L.80  £38,672,5  865,€3%.5  Tunnel .
201 1202 4 32 longyesr  2049.1  B4¥82.7 10+26.0-U  634,303.7  862,90,.7 Berm U .
202 1203 4 35  Longyear  2065.6  87+23.3 1040,.8-T 63.,222,0  852,6T7.( Berx U .
203 1247 Mott 2229.6 =1+69.7 9+57.8-U 637,995.2 87C,73C.4  Tunnel .
204 1252 Mott 2194.9 9+68.9 15461.8-D  639,80L.9 868,639.8 Tunpel .
205 1152 DY smond 2058,7  176+98.4 39+40.5-0 627,792.1  855,761.8 Borrow Aux Box 35
206 1152 Diamond 2055.4  167+58.3 39+40,5.0 £28,186.5  856,615.0 Borrov Aux *
2¢7 1s2 Diamond 2054.5 158+418.3 39+40.4-U 628,581.0  857,468,2 Borrov Aux °*
208 1152 Diamond 2043.9  148498.37 39+4C.10-0 628,967.0  858,303.3 Borrov Aux °*
209 1152 Diemond 2047.2  154426,2 44+40.5-0 628.201,3  858,03,.1 Bcrrov Aux
210 1152 Diamond 2051.5  162+88,2 44440.8.-0 627,929.6  857,291.7 Borrow hmx *
P23 1182 D4 amond 20%¢,3  172+28.2 44440,98-U 627,535.1 856,798,¢ Borrow Aux "
212 1152 D! amond 2059.7  2831468.2 (4440.9-0 627,140,7  855,9(°.2 Borrow Aux "
23 1152 Di&mond 2049.,2  191408.2 44+41.2-0  &26,74€.2  854,692.C Borrov Aux
21 1203 5 1 longyear  2064.4  89+13.3 33+92.9-D 638,130,9  867,€57.€  Borrov D Box 3¢
220 1203 4 4 Longyear 2075.4 9C+14.8 32450,2-D  €37,9¢2.3 8&C,£27.8  Borres D .
221 1249 Mett 2185,3 7444,.8  €+435.0-D €79,057.% 86¢,232.C  Tunnel .
222 1246 Mott 2154.7 9493.,9 12+46€,5-D  €39,526.2 868,7,1.0 Tunrel .
223 1222-1254 Mott 66,5  12443.0 19414,2-D  &C,C06.8  868,2.3.2 Tunnel .
22, 1222-123¢ 106 31 Mathews 2157,63  16+423.1 24+34.1-D  &40,32z,1  8€7,68C.1  Tunnel .
22% 1227 103 23 Mathews 71,86 234€7.9 28+86,0-0 &C,420.1 86£,814.4  Tunnel .
22¢ 1250 Mot 2212.¢ I450,4  2440.4-0 €38,42P.L 965,067.3  Turrel .
227 1248 Mott 2232,7 §4€2.1  445C.4-D  €38,966.6  866,475.3  Tarmnel .
229 124 Mott 220.8 8428,2 11407.3.5 £29,%20,%  86F ,62¢.3 Tunrel .
229 1222 106 22 Mathevs 2215.36  12493,1 23415.6-0  £40,353,2  362,029.1  Tunnel .
230 1227 109 12 Mathews 2066.39  23%39.4 25+48,7-D  AC,125.8  86£,981.7  Tunnel .
231 1241 Mott 2191,9 2446.3  449L.7-U 638,241.1  870,158., Tunnel .
232 1256 Mott 2274 5401.2 6+486.8-0  €39,206.8 869,421.4 Tunnel .
233 1257 Mott 2253,8 T+28,€  16406.6-D  €39,94¢€,4 86£,239.1  Tunnel .
234 1242 Mott 2206.7 9+458,3 18455,9-D €40,C7€.3  868,526.C Tunnel .
235 1222-1230 108 28 Mathews 2201.8 9455.2 23+12.8-D 640,497.8  868,33..€ Tunnel .
236 1221 106 8  Mathews 61,7 17402,2 28+35,9-T  &C,654.0  867,439.8 Tunnel "
237 1227 104 36  Mathews 2102.0  23+53.2 31+06.9-D 6LC,€26.8  866,735.0 Tumnel K
238 1243 Mott 2185.1 4¥78.1 10+78..4-U  637,€14.1  870,192,9 Tunnel *
239 1221 108 46 Mathevs 2076.8 12432,0 15+14.9-U  636,901.¢€ 866,691,€ Tunnel "
40 1227 103 36 Mathevs 2073.19 11+78,2 18428.3-U 636,£39.6 869,871.9 Tumnel .
2L 1227 103 2 Mathevs 2019.9 114494 20491,7-U  636,412.6 870,008.€  Tunnel .
22 1225 109 7 Mathevs 2091.16  10+35,7 24+14.6-0 636,167.2 870,247.2 Tannel .
203 1241 Mott Mott 2125,2 8474.6 20475,0-U  636,5,3.0  870,251.C Tunnel .
4 1222 106 X Mathews 2091.49 9+98,7 20435.0-U  636,527.3 870,121.6 Tunnel .
245 1232 109 46 Mathews 2057.1 88+39.0 41+400.1-D 638,807.é 860,430.8 Borrew D .
266 1229 107 46 Mathewvs 2048.8 TI42,.1  [1+400.0-D  639,275.2 861,443.0 Borrow D .
47 1234 108 13 Mathews 2044.82 664241 L0499.8-D 639,736.5 862,441.6 Borrow D L
48 1237 110 2 Mathews 2040.95  S6498.9 L0499.7-D  640,12%.4 863,281,3 Borrow D "
49 1237 121 16 Mathevs 2050.45 37491.6 41406.9-D 640,931.1 865,009.8 Borrow D »
250 123 110 » Mathevs 2044.75  4O¥75.2 S0+T8.6-D  &41,69(.1 864,34,.6 Borrow D .
251 1237 110 32 Mathews 2044.54 50+75.3 50+478.6-D 6&41,274.6 863,436.9 lorrov D "
252 1232 104 43 Mathews 2044 .6 62+25,3 50+59,7-D &40,775.1 862,400.9 Borrov D .
253 1232 109 42 Mathews 2050.5 69+47,0 50+,3.4-D 640,457.€ 861,752.& Borrov D .
254 1234 108 7 Mathevs 2057.47 78498,9 50+50,0-D &40,064.2 860,885,7 Borrov D .
255 1234 108 18 Mathevs 2055.87 89429,0 50+50.1-D 639,632,2 85%,950.7 Borrew D .
256 1153 i 12 Mathews 2075.36  19+70,9 L1+6C,9-U  634,189,.8 870,130.9 Borrov U .
257 1237 m 25 Mathevs 2072.,21 29424,7 41483.1.0 623,769,) 869,27(.2 Borrov U .
258 1237 11 19 Mathews 2069.61  38+73,3 ,31468,2-U0  633,38,.9 868,406,9 Borrov U .
259 1236 110 & Mathewvs 064,71 49401.9 43+73.2-U  632,948,9 867,475.4 Borrov U .
260 1229 107 k4 Mathevs 2049.77  T0422.3 L1+67.7-0  €32,064.€ 865,548.3 Borrov U .
261 1231 107 18 Mathewvs 2047.62 B81447.0 L1+67.5-U 631,592,7 864,527.1 Borrow U .
262 122 107 1  Mathevs 2053.33  98¥77,0 31+67.5-U 631,77..8  862,537.2 BorrowU *
263 1229 107 42 Mathews 2051.1 88497,2 31+67.6-0 632,185.9 863,426.8 Borrow U .
26 123 107 9  Mathews 2046.4  TB4L7.1 31467,5-U 632,626,  864,380,0 BorrowlU ¥
268 1231 106 [7X Mathews 2046.2 T0482,1 31+67.6=0  €32,947.3 865,074.5 Borrow U 4
266 1236 1w 26 Mathewvs 2062.9 L1¥77.4  31493.4-U  63),890,7 867,177,4 Borrow U .
267 1236 110 16  Mathews 2064.7 38426,4, 31+76.9-U  634,504.6  868,033.8 Borrow U .
268 1236 110 5 Mathews 2065.9 28455,2 31448.6-0 634,737.7 868,903,5 Borrow U "
269 1236 110 put Mathewe 2067.36  21+459.4 31463.7-U  635,015.7 862,541,3 Borroew U "
270 1229 107 32 Mathews 2051,02 90+77.0 41467.5-0 631,202,6  863,682,9 BorrowU "
m 1229 107 23  Mathews 2048.13 100+77.3 41+67.6-C 630,793.1  862,775.1 Borrow U "
74 1231 107 b Mathevs 2055.8  113497.3 41467,5-0  630,229.4 861,576,8 Borrow U .
m 1232 10 1 HMathews 2035.56 60491,8 30+28.4-U 633,489.1  865,915,0 Borrow U *
P 123 107 1,  Mathews 2052.04 89+27.4 20408.5-0 €33,225.4  862,913.1 BorrowlU "

*Log Books in Box No. 22 Arwe (2 Mootk ND




T'BULATION AND IXDEY OF DRILL HOLE 10GS FOR FOUNDATION INVESTICATIONS FCR FORT PEX DAM - Contd
Piald Log *log
Hole Book Rook Book Ground Desig- Mle
.. Noaber _Mwabyr  Dags  Sentraatar Elexetion  atdoe  Rapge latitade  Departure gatiop ocstizg
8 1229 plegs 37 Matha.z 2050.67 76+87.5 21+19.4-0 633,844.8 864,73%,2  Borrow ! Box 36
76 1232 104 8 Mathave 2035.4 64401,3 21+19,2-0  634,184.5 865,252,7 Borrow U .
Pead 1232 9 35 Hat' o8 2051.91  52+44.5 22+45.60  634,644.9 866,314.2 Borrov U »
8 1232 109 364  Mathews 059.9 40964, 20v77,7-U 635,189,1  867,327.5  Borrow U "
29 1234 108 Mathewve 2061.2  30409.6 20487,9-0  635,635.8 868,318,, Borrow U .
280 1230 108 25 Mathews 2035.64  61+480,4 27+48.8-D 638,696.2 863,411.1 Perm U .
231 1234 108 1 Me ' avm 2048, 69408.4 32+20.,4-D  638,319.8 862,552,C Borrov D .
.2 1237 11 7  Mateus 2050,60  41+13,7 31425.3-D  639,%04.9  86%5,129.2 Borrow D 4
28) 1236 10 41 Mathows 2051,85  32+05.9 31+2,,5-D  &u0,285,0 865,953,6 Borrow D .
834 1230 108 2  Mathews 2030.46  38+46.5  0+63-D 636,398,2 864,803,9 Axis ]
284 Dismond 2042.8 45+68,2 61+48,2-0  &L2,467.L 863, 44,4 Borrew U .
285 Diamoni 2034.6 $2469,6 63+408,8.D  £42,309,.8 862, 74n.5 Borrow L .
286 1259 Diemond 2049.5 65440,0 61467,5-0  &41,848.6 861,65C.5 dorrov D "
287 1159 Di emond 2047.7 75440.0 61+67.5-0 641,229.1 860,7.2,8 BRorrow D Box 3%
288 11%0 Dismond 2055.5 85+40." &1+67,5-D &40,809.6 8%9,835,0 Bor.ov D .
@89 11450 Diasond 2056.5  93+89.9 421467.3-D &40,452,9  859,063,6 Borrow D -
290 1143 Diseond 2055.6 Q00,0 55+67,3-D 40,055, 89,632,9 Borrov D .
291 1138 D{ amond 2057.7  80+40.0 55+67.,5-D &40,474.7  860,540.6 Borrow D .
292 1y Diamond 2049.4  TOHD.1  55+467,5-D  &L0,894,2 861,448.3 Borrow D .
29) 1259 Diamond 2045.7 60+40,0 55+67,6-D0 6&1,313,.8 862,356,1 Borrow D .
294 uu Diamond 2041,2  50+68,0 85438,2-D &1,73.0  863,2.2.) Borrew D *
294 113, Diamond 2643.8 45418,1 55+98.2-D0  &41,943.7 863,741.% Borrow D .
296 Jek 73 D2 azond 2058.5  35+18.2 55+58,2-0 642,363,2  8644,649.2 Borrow O .
297 138 Diamond 2049.5 38+30.9 A7+70.4-D  6&41,516.9  B86,,6°¢.8  Borrow D .
298 1138 D4 amand 20447 48+30,8 47+71.9-D &41,092.8 8631,787,5 Horrow D .
299 1138 Diamond 2035.8  58+32,531 47+68,98-D &40,675.9  862,879.L Borrow D "
20C 1139 Diamond 205C,1  68+32,5 L7468,9-D &40,256.4  8€1,971.7 Borrow D .
el 1135 Diamond 47,1 TB432.6 L7T+68.LD  639,836.,  861,06,.1 Burrov?D .
202 1150 Dismond 2056.6  88+32.5 4TH8.4-D 639,416, 860,156,4 Borrow D .
o3} n3s Diamond 2049.2 93487,6 47+68,3-D  639,100,1 B59,47.0 Borrov D .
304 1138 viaond 56,9 90+72,6 4H68,4-D  633,862,2 B60,148.2 Borrow D "
305 1139 Diamond 2057,) 80+72,5 42+8,5-D 639,281.9  86),09.0 SBerrov D -
16 1139 Dimmond 2047.8 TO+T2,48 L2+68,7-D  €39,701.6  £61,9€3.7 SBorrov D .
07 1139 D4 xmond 2035.5 60+72.5 42+68.7D  &40,121.1 862,871.L Borrow D .
308 1139 Ly amond 2039.6 50+72.5  42+63.0-D  €uD,5.0.9 2€3,779.1 SBorrov D .
309 1139 D4 amond 2050.2 81,6 42+70,32-D &40,958.2 864,67T7.8  Borrov D .
310 1116 D amond 2050,0 34MT2,74 3THQ01-D &.D,758.1  865,i41.0 Borrow D .
m 113 Liamond 2045.0 LA¥T2.78 3T¥70.46-D  €40,339.9 36.,532.6 Borrow D .
312 1135 Diemond 2039.7 54+72.5 I1+9,0-D €39,919.2  863,625,7 Borrow D .
n3 1136 Di smond 2047.6  &4+72,2 37+68,8-D  639,499.6  B8€2,718.) Berrov D .
34 1151 namond 2047.8  T4+72,2 37+68,7-8 639,080.1  861,310,6 Forrow D .
1s 1151 Diswond 2057.3 84+72,3 37+68.7-D 638,680.5 860,902.8 Borrow D L
Meld Book
JDaxs No.
316 131 16 D1 amond 2059.3  B0485.11 20461,70-0 637,273.4  861,970,3 Found D "
17 113 26 D1 s&mond 246,65  T1410.04 20+61.77-D  €37,682.5 862,355.4, Found D ]
318 1137 16 Diamond Wil.e  67435,05 20+61,87-D £38,091,6  863,740.4 Found D "
319 1137 30 C!anond 2034.2 52+08,19 20+62,30-D 638,480.8  86,,581.6 Pound D -
320 1131 1 Dimmond 2051.5  43+08.15 20+62,34-D 638,858,,  865,398.6 Found D .
32 ny 4 Diemond 2051.2 3,408,10 20462,38-D 639,236,0  866,215.6 Found D .
n 1125 U Dismond 2058.7  25408.15 20+62,46-D 639,613.6  867,032,5 Found D .
323 1124 2, D! amond 2075.5 20458,12 16+37.47-D 639,416,6  867,619.3 Found D .
3 1124 18 Diemond 2056.3 29+58,07 16+37,39-D 639,039.0  866,802.4 Found D .
325 1132 n Diamond 2052.2 33+58,12 16+37.35-D 638,661.4  865,985., Found D .
326 13 2 Diamond 2052.5  47+58,15 16+37.31-D 638,28).8  865,168.4, Found D .
br 14 1125 43 Diamond 2032.1 56+51,00 16+33.28-D £37,905.6 864,359.6 Found D "
pr-.] 130 u Diemond 2040.5 66+24,30 16+26,31-D 637,500,5 863,474.6 Found D .
39 1125 33 Diamond 2048.2 76+410.06 16436,72-D 637,086.9 862,579.8 Found D "
330 1125 a Disnond 2061,2  80485,05 12+411,77?-D €36,501,9  862,326.9 Found D .
331 1132 4 D4 amond 2035.) T1435,12 12411,78-D  636,900.4 863,189,2 Found D .
332 1132 48 Di mmwond 2040.7  61444,29 12411.84-D 637,316.1  864,088.6 Found 7 4
33 124 49 Dimmond 2071.5 $2448.12 12+412.34-D 637,692.5 864,901.9 Found D .
334 132 2 Dimmond 2052.6  43+08.12 12+12,31-D 638,086.8 865,755.2  Found D ]
335 1128 4 Dismond 2056,9  34408.08 12+12,35-D €28,464.4  866,572.2 Found D .
336 1324 10 D{wwond 2057.4 2540814 12+12.04-D 638,842.0 867,389, Found D .
b3yl 12% 4 Diemond 2075.7  16469,05 11+60.68-D 539,147.0  868,172.5 Found D .
338 uxn 4 Dimnond 2058.9 20458,10 7+87,.5-D 638,64.5.0  867,975.9 Foupd D .
339 1127 10 Diamond 2057,2  29457,63 7+88.28-D 638,268.,  867,159.C Found D .
340 1115 5 Dimmond 2053,  38+58,09 7+87.33-D 637,889.8  B866,342,C Found D -
0 12 3 D emond 2052,8  47+58,09 7+487.38-D 637,512, 865,525.0 Found D .
U2 1124 5] D4 anond 2033.2 56498,03 7+87,28.H 637,117.©  B86L,671.8 Found D "
343 1112 16 Diamond 2042.7  66+23.51 T486,54-D 636,729,C  863,832,0 Found D "
344 112 2 Di amond 2048,9  76+10.00 T486.79-D 636,315.L  862,936.4 Found D .
5 o1 [ Diamond 2048.2 80+79,91 J+6l.6-D £€35,732,3 862,688,2 Found D Box 3
nueé 10 15 Diamond 2035.4 TI+31,62 3+58,07-D 636,126.¢ 863,550,¢ Found D »
W7 un a ) S | 262,11 61+443.6  34€1.€2.D 636,544.€  864,445.9 Found D *
8 109 20 Dienond 2050.8 £1495,03 3+62,26-D 636,943.1 865,306,7 Found D Box 35
349 123 4 Diamorn 2054.9  42495.07 3+62.34-D 637,)20,7  866,123.6 TYound D "
350 u”M 19 Diamond 20%7.6 33495,04 3462,38.D 637,698,2 866,9,0,6 Found D .
3% u23 32 Diwmond 2058.% AU495,09 3462.47-D 638,075,° 867,757,5 Found D .
*Log Books in Box No, 22
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TABULATICN AND INDEY OF DRILL BOLE LOGS FCR FOUNDATICN INVEST1LaTIONS FUR FORT !ECs LAY - Contd

Hole
Be,

352
383
354
355
)56
357
358
359
I
36
3ce
363
36,
365
bLd
367
63
369
370
mn
372
373
I

Field Fiald
Book Book Ground
Mumber Iage No. fopiracier Slayatiar Station
1103 67 Diamond 2060 .6 15405,08
1105 3¢ Dismond tne.e 12«05 ,1C
1105 28 Dimmond 20¢1.2 15405,05
1133 20 Diamond 2055,0 18495,04
118 18 Piamond 20%8.3 21495,0
1107 20 Diamond 2058.0 24495,0
1108 23 Diazond 2058.¢C 2749¢,08
110 25 Diaend 2057.5 30495.04
116 % Diamond 2057.7 33495.03
3104 &1 Dimropd 2C87.2 36468, 04
118 A Diamond 205(.2 39+94,9%9
1133 2 Diamond 2055.0 L2495,07
110% 4 Diamond 20554, 45+95,03
1304 35 Dimmond 2055,9 48495,03
1107 1 Dismond 2053.4 51495,02
1109 1 Dismond 2056.0 5,496,6
1 32 Diwmond 2029.3 57495,06
meé 9 Dismond 2035.% 60+45,47
16 2 Diemond 2042.7 64468, 61
108 2 Dt amond 2042.5 67+96,21
e 2 Diamond 2035,3 144422
1108 1 Dismond 2047.2 T2494,2,
1304 1 Di amond 2047 .6 75994, 2,
1103 2 Diamond 2049.9 7849419
103-11563 1) Diamond 20%2,2 81+94,0
003-1153 23 Diamond 20728 8449, 28
113 3 Dismond 216,2 108+79.4
nu 108 Dimond 2219.6 114+77.22
111 86 Di smond 22271 126+37,84
11 . Dismond 2228 ¢ 132423,0
1 63 Di mmond 222..5 13749C.3
1313 23 Dianond 2219, 147+89.0
113 50 Dismond 2222.2 153+21.1
1102 1 Diamond 2223,2 158490.,9
1111 46 Diamond 2246.0 170430, €
1102 19 Di amond 2,2 1764385
102 b Diarond 22€3,2 182+44€, 5
11 23 Dismond 2169,1 113+83.89
12 16 Diemond 2228, 12247516
12 46 Diamond 2231,2 135+414.0
1106 1 Diamond 2050, 5 78480,0
nu 45 Diamond 2042.8 19,21
1106 49 Diazond 2029.¢ $9+79.17
1106 2a Dlamond 20%5.6 50+35,02
uL, 4 Dimpond 2084.2 40494.99
1106 36 Diamond 2058,0 31454.99
11, 25 Diawond 2058,6 22+415,04
111 36 Dlamond 2071.3 12+75,04
1120 45 D1 amond 206C,2 17+445.0
1120 37 D{amond 2058.9 264898
1106 62 Diemond 2058, 6 36+25,01
1114 58 D4 amond 2055.3 45+65,05
120 2 Di amond 2051.7 55404.96
1120 52 Diamond 20416 64+69.45
1120 4 Dismond 2047.7 74409.49
1120 11 Diaxond 2049.9 83449.49
1260 1 Dismond 2051,0 88+18,97
1260 s Dismond 2049.5 78+79.02
1260 37 Diamond 20321 €9438.53
1260 17 Dismond 2051.3 58434.95
1260 2 Diemond 2051.4 50434.95
1128 46 Dismond 2059.1 40454.91
1128 52 Dismond 2059.5 31+55,01
1260 27 Diemond 2059.¢ 224,97
1260 M Dismond 2075.7 12+75,02
1128 18 Pfamond 2062.78 17444495
1128 22 Dimond 2060.4 2648,,9%9
1128 2 D4 amond 2060.5 364249
1128 34 Dismond 2058.7 4546494
128 40 Piamond 2051.9 55404,98
1128 59 Diamond 2038.9 65494.96
128 13 Diamond 2047.0 74408 42
128 9 Dimmond 2051.7 83+/8.46
1128 4 Diawond 2052.2 92+88,50
1119 16 Dimpond 2051,9 97+58.03
19 12 Diamond 2050.3 88418,00
1119 6 Diawond 2051.7 78+77.96
1119 2 Diepond 20LL.1 69+37,96
" m9 A Diewond 2040.3 59498 .01
119 2 Diemond 2059.1 50434.82
19 27 Piemond 2059.3 4049264

Q.v‘ FOY

3+€2,51-D
0437, 62.0
0437, 09-
0437, 540
0437, 6=
0437, 58-1
0437, 5L
0437, 560
0437, 6221
0+37,€7-0
0+37. 644
0+37, 660
0+37,62-0
0437, 680
0+37,73-L
044,30
0+437.72-0
0+41.310
0+[1,08-U
0+39.84~0
0+38,2-0
0+438,16-0
0438, 23T
0+438,13.0
0+38,23.L
0+38,26+7
0444, . 42D
143340
4482,48D
7441,9-D
10459,1-0
18418.1.D
22473.3-D
27+61.3-D
37437,5-D
42+57,5-D
L1477 4D
1245€,C1-D
5444,.38-D
1497, 71U
4+38.4-0
4L+38.08-0
4L438.02-0
4+37.65-U
4+37.58-0
4+37.610
4+37.50-U
4437,.53-0
9+37.56-U
9+437.59-U
9+37,66-0
9+37,72.0
9437,74-0
9+438.52-0
9+38, 58-0
9+38.54-0
14+38,85-0
14,438,7,-0
14438 ,90-0
1U+37.74-0
14437.73-0
14437,66-0
14437,65-0
14437.59-0
14+37.49-0
19437.57-0
19+437,€4-U
19+37,€5-0
19437 .10
19+37.78-0
17417,85.0

Desig-
wAtituds Lacariuce oatden  Ills
€38,L°3,5  8€,57(.% Found I Box 3
£30,2:€,2  969,014.6 Axis Box 35
£38,09C,4 BER,7(2,3 Axis .
637,9€.,5  B6B,L7C.C  Axis "
637,838, € 868,197.7 Axis r
€37,712,8 867,925, Axis .
637,586,9  8£7,653.0 Axis .
£37,461.1  867,38C.7 Ads v
637,335,2 867,108., Axis "
£37,200,2  86£,23¢.1  Ads .
€37,083,5 B6£,5€3,8  Axis "
63€,957,6  865,291.4 Axis .
636,231.8  866,019.1 Axis .
63¢,705,9  BEL,746,8  Axis *
63€,58C,C  BES 7.4 Axis .
636,454.2 865,202,2 Axis .
63¢,328,3 B8&,,929.8 Adis .
£3€,220,0  B8&L,70,.C Axds .
63€,042,7 864,319.8  Axis .
635,90¢.4 864,021.9 Axis .
635,76.,9 863,705, Axis v
635,609.0 863,565, ixis .
635,573,1  863,29¢.2  Axis .
€35,047,3  8€3,024,%  Axle Box 34
635,301, 862,752.L Axis bV % F
635,29¢,5  8£2,(79.2  Axis 3, & 35
634,27C.C 86C,280,0  Abutment Box 35
634,100, 859,700, Abtutment "
633,930.0  858,50C,C " .
633,520, 857,860 . .
633,970, 857,212,0 . -
634,240.C  85¢,087,0 . .
634,430,0  855,313.C ’ .
634,634.0 854,%91.C " Box 34
€35,042.0  853,147.C . Box 3%
€35,259.0  852,377,0 . Box 34
€35,47€,C  851,607.0 " "
€35,158,2 859,313.8 . Box 358
633,150,0 859,260 . *
632,9,5.0 857,99C,0 Yound U *
635,090.0  863,205,2 . .
635,493.3  86L,077.)3 ‘ "
635,887,7  864,930.6 . .
636,28:,,1 865,787.5 H .
63€,678,5  866,640.8 .
€37,072.8  867,494.1 . "
637,467,2  868,347.3 . .
637,861.5 869,200,6 . .
637,210.45 868,983.75 . .
636,816.1  868,130.50 . .
636,421.7 867,277.2 . .
636,027.3  866,423.9 . .
635,633.0  865,570,7 . .
635,227.7  884,695.5 . .
634,833.3  862,842.2 . .
634,439.0 862,968.9 . .
633,787.9 8R2,772.6 . Box 36
634,182,  8€3,625.8 . .
634,576.7 864,479.6 . U
635,040.7  865,480,9 . .
635,376.3  866,207.1 . .
635,7T7C.70 867,060.40 . "
63€,165.0  867,911.6 . .
636,559.4 868,766.9 . .
636,953.8  869,620.1 . .
636,302,7 B869,403.2  Borrov U Box 35
635,908.3  B68,550.0 . .
635,514.C B67,69€,8 . .
635,119.€  866,843.5 . .
634,725.2  865,990,2 . b
634,L67.6  864,908,¢ . .
633,925,7 B864,262,8 . .
633,531.3  B63,400.5 . -
633,136.9 862,556.2 . .
632,485.9 862,339.8 * .
632,880.3  863,193.1 . .
633,274.7  864,046.4 . .
633,669.C  864,899.7 . .
634,063.4  865,752.9 . .
634,468.L  866,626,R . .
635,179.1  867,336.1 . .




TABULATICN AND INDEX OF DRILL HOLE 10GS FOR FCUNDATION INVESTIGATICNS FOR FORT PZLX DAM - Contd
Field  Field
Hole  Book Rook Greund
No, Bupber Fage No. Centregtor Flevatjon Station Rarge Laticude Departure
433 me ” Diamord 2062.1 32454,92 2437740 635,257.2  2€8,133.2
434 19 36 J+ smond 2062,7 22414.,98 2,+37,63-U  £35,€51.6  B€9,1B€,4
435 1119 19 Liamond 2279.¢0 1247499 2237, 6= £3€,045.9 27C,039.7
436 1126 28 Diamond 2067,7 1744497 29+37.62-U 635,39,  869,822,8
437 112¢ 29 Diarond 2064,3 26+84,92  29+37,72-L €35,000.¢  B68,969.€
438 1126 39 ~1 amond 2063, % 36424,96 29+37,79-0  63L,606.1 868,116,2
439 226 30 "t anond 2062,1 45+64,95 29+37.76-0  634,211,2 867,2€3.C
440 1126 Pt Diarond 2049.7 554C4,90  29+37.86-U  633,817.4 86£,409.2
L 1126 X Ctmpond 2033.0 60491 €7 30+28,21-L  633,488.7  8€5,915,2
2 1126 16 Diazond 204€.3 74+07.67  29+39.12-L  633,018,0 86L,t82.1
13 1126 13 D{xeord 2054.¢€ Q247,89  28433.13.0  632,229.1  362,97€,1
Lk 1126 L Dimond 2055,9 102+27,93  29+39,18-0  631,934.9  862,123.0
445 1129 6 Dismond 20%6.1 166+97.95 34439,2,-0  631,183.8 861,906,
446 1129 3 Diamond 2053.8 F7+57,91 34+29,19-0  631,578,2 862,759.4
447 une 9 D{amond 2054.1 88+17.87  34+39.12-U 631,972.6 863,612.7
448 1129 a Diamond 2047.17 TEHTT.06  I4439.53-0  632,366.9  8AL,L66.9
4.9 1129 15 Memond 2046.6 €9437,02  34+39.46-U  632,761,1  865,320,2
450 129 50 D4 meond 2035,0 60+27,1 34+39.4-0  633,142,1  866,146.2
451 1129 26 Dissond 2063.2 SO+34.89  34+37.85-U  633,560,7 867,046.2
452 1129 n Dismond 2064.9 L0*94.94  34+37.75-U  633,955.1  867,899.4
453 1129 3”7 D{emond 2066,9 31+54.¥0  34+37.690  £€34,349.5 868,752.7
454 1129 2 D{smond 20694 22414.90  34+37.M-U  634,743.80 869,606.00
455 129 46 D! mmond 2074, 174447 39+37,8-U0  63(,487,0  870,u2.4
456 122 i Dianond 2072, ¢ 26+84.9 39+37.8U  £3.,062,7 865,3e9,1
457 1122 39 D{amond 2068.5 36+2L,97  I9¥37.82-0 633,668,3  868,535.8
458 1122 3N Dt amord 206%,3 45+64,92  39437.92.L  €23,101 30 867,682.60
459 1122 49 Dianond 2043,2 S5455,81  3I7H18.66U  633,087.4  B6L,691.4
460 1122 ba4 L1 smond 206,96 84465, 5 39+39.5-0 632,504.8  865,957.1
461 1122 22 Diawond 2047.6% 44065 39+439.6-0  632,11C.L  865,103.8
462 122 17 D! xpord 2047, 8 B3+446.5 39+439,7-0  631,76.0 8&,25C,.6
463 1222 I3 D4 maond 205%.6 92+487.9 39+39,2-0  631,221,5  863,39%.8
L6 1222 13 D{amend 20%8.5 102+27.9 39+39.2.0  630,927.1 862,5.2.%
465 112 9 Dismond 2057.1 111+467.9 39+39.2-L €3C,532.8  861,689.2
466 by ket D enond 20588 116+39.0 4L439,2-0  629,831,7  R6L,472.3
467 1140 63 Di{amond 2056,1 106497.8 44+39.2-0 630,276, 862,328,7
68 1140 85 Dismond 20%5... 97+57.8 L4439,2-0  630,670.5  863,1M9.0
4 10 o Diamond 2048.2 88+17.8 L4+39.2-C  631,064.2 26,0323
470 4L 25 Cleond 2047.¢ 84760 44439.8 €31,4%3,4 B6L,887.8
et 113 37 Diamond 2050,2 €0+3€,C 44+39.7-0 €31,643,8 86%,74C.7
472 1122 5Q Disxcnd 202,.8 59496,¢ LA439.6-T  €22,24°,2  96£,59,,C
473 1l 4 Diamond 2064 .4 4LB+70.89 41453.560  632,979.8  B867,495.?
W74 1w 20 Diarond 2068,5 40494.90  44+37.92-U  633,C47,20 868,119.C
475 1140 4 Diamond 2073.2 31+55.C 44+37.8-0  A33,441.6  B€9,172.2
476 112 15 Dimmond 2075.8 22424.9 44437.8-0 €33,83¢,0  &70,025.%
ar 1134 8 Diamond 2055,1 30+23.¢€ 3246830 640,,02,C  86£,058.2
48 pORTA 3 Diamrond 2050,2 Lo423,5 32+¢8,3.0 e, TELY B6E,LC L
479 13 51 Dismond 2045.1 49+23.4 35499,2L €39,995.%  B864,105.4
480 1134 i Diamond 2033,/ 64+57,2 2544440 639,192,¢  863,2(5.5
481 1% 54 Dismond 2047.0 704405 32+429.9-D  £38,815.C  862,428.%
482 1134 59 Dismond 2058.4 B0+22,4 324639  638,395,5 861,527.8
483 1cs 30 Diamond 2219.9 111+80.4 0+89.2-0 63,188, 8:29,987.9
84 1104 10 Diamond 2222.2 117+73,1 1422,8-0 £32,020,7  89¢,/10.7
485 46 28 D{emond 2056.7 111+66.1 49+439.9-0  629,625,2 862,110,
486 1146 33 Diemond 20%53.8 102426,0 49439,9-U  630,019.6 862,96L.0
487 1146 2) D1amond 2054,.7 92486.0 4943980 630,414.0 863,817.1
488 1146 15 Dismond 2047.7 83+46.1 £9439.8-0  630,808.2 B64,670,5
489 1146 8 Dismond 2052,4 74,406,0 49439,7-0  631,202,7 865,523.8
490 1146 3 Diswond 2046.8 64,466,0 49439.6-U  631,597.1  866,377.1
491 1144 40 {amond 2038.4 55464.8 49437, 64 631,977,0  867,194.3
492 1144 3 Dismond 2066.4 45+64,9 49+437.6-0  632,396,5  862,102,0
493 1144 8 Dienond 20mM2.7 36+24.9 49437,5-0  £32,79C.0  262,955.2
494 1144 73 Dismond 2072.6 26+84.9 49437,5-0  633,185,2  86%,808.5
495 1126 7 Dimaond 2053.1 83447,98  29+39,12-U  632,627.6 8£3,829.5
496 through 499 Not Drilled
500 1010 4 Longyear 2255,4 ~56445,7 6481,1-D  &41,780.2  875,031.7
501 1026 At Longyear 2247.2 -60406,31  10+09.2-D  64,2,229.3 875,203,
502 1026 1 Longyear 2286.8 —£4+18,7 1341340 62,674 #7R [0,)
5C3 1026 F73 Longyear 2301.7 ~52+81,7 9+70,7-D  641,39C.4  874,5¢1.8
504 1026 53 Longyear 2278.3 -54497.8 11+477.9-0 642,269,1  87.,671.0
505 1026 10 Longyear 2284.9 -~57415,7 13485,3-0 &42,4.8.8  A7L,781.8
506 1010 8 Longyear 2288.0 -59431.7 15492,9-D  642,727.9  87,,870.8
507 1013 1 Longyear 22809,3 -37492,2 5456,2-D  €43,307.1  R7TS,000.7
508 1026 47 Tongyear 2312,2 ~50+75,0 11487,1-D  642,000,1  @7. 28314
509 1016 2 Longyear 2297.4 ~52491,9 13494,4-D 642,279,2  874,393.3
510 1014 F- ] Longyear 2285,1 -55408.8 16+01.7-D  642,558.4 87/,503.2
511 o1 10 Longyear 2215,0 ~57+25,6 18408.9-D  642,837.5  874,613.1
512 1014 b1 lougyear 2322,9 ~59442,4 20416.2.D  643,116,7  874,722.3
513 1011 1 Lrmgvear 2303.7 ~48+68,1 1,403.5-D  642,109,7 874,004.8
s14 1026 % Longyear 2319.3 ~50484.9 16+10,7-0  642,388.8  87,,114.7
518 1014 42 longyear 2309.6 ~53401,8 18+18,1-D  642,668,0 874,224.6
516 1015 1 Longyear 2323.7 ~55418,6 20+25.3-D  642,947.1 874,334
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TABUTATION AND

Pield Pield

KRole Boek Book Ground Desyg-~

oo Mumbar [Psse No. Conlracter [Rsysiden Sasden Range Latitude  Papariure aatien Ml
517 1014 52 Llongyesr 2329.9 ~57435,% 243270 643,226.3  87L,44L.3 Spillway L . 3L
518 1010 n Longyear 2121.6 ~L6+61,2 16419.8-D  642,219.3  873,726.2 " .
519 1026 &0 longyear 2333.0 ~48+78,0 18427,1D  6L2,498,4 873,836,1 " .
520 1026 4 Longyear 2345.2 ~50.94.8 2043450 &42,777.6  873,945.9 N .
521 1026 X Longyear 23605 ~53411,7 2441.7-D  643,056,7  874,055.8 " =
22 1015 10 Longyear 28,5 ~55+28,6 UHI, 1D 643,335.9  874,165.7 . .
523 1010 50 longyear UL.b bl 52,4 18+38,3-D0  642,330,0  873,445.0 M .
52, 1018 10 Longyear 2335.2 ~46+€9,1 20+45.6-D0  642,609,1  B873,55..8 . '
525 1010 25 Lengyear 327.0 <18+86,0 22+62.8-D  642,B88,2 873,664.7 . .
526 en 20 Longyear 2333.8 ~514C2,9 UAC 3D 643,167.,5  873,T.é . .
527 1010 40 Longyear 2376.2 53419 6 26467.6=D  643,446,6  873,BBL.4 . .
528 1010 (] Longyear 2320.6 ~2+72.8 2,496,3-D  642,852,0 873,006,0 . .
529 1010 [ Longyear 2293,0 44T .6 26486,3-D  643,107.9 873,106,7 . .
£30 1013 20 Longyear 2296.5 “£6+53,6 28+61.9-0  643,343.6  873,198,3 . .
531 1018 2 longyear 2291,2 -468+34,2 30434, 6D 643,576,2 873,289.8 " .
532 1030 &, Longyear 2286,2 ~36448.0 3040520  €43,051.9 872,225.3 . ’
533 100 s6 longyear 2266.4 <39+19,0 3246440 643,400.8 872,362.6 . .
534 1016 10 longyear 2254.9 ~L0¥9 .8 34437,2-D  643,633.5 B72,4%4.2 . .
£35 1013 %0 longyear 297.3 424804 36+09,6-0 643,866,  B72,545.7 . .
536 1015 b4 longyear 2263.2 «32400.6 35445.6-D  643,35,.7 BT1,892.% . .
537 1017 2 longyear 2231,5 =24+35.5 470,20 63,657.1  8M,NLLS . .
538 1015 a, longyesr 2228.7 -29+16,2 3243740 6LL,052.5 BTL,B67,1 . .
539 1037 n Longyear 2270.3 -23461,5 Q416,90 642,521,3  870,591,1 . *
840 1019 2 Longyear 2243.6 ~28+13.6 4L4420,6D  643,986,6  870,874.2 " -
541 1019 2 Longyear 2198.7 «21420.9 L741L,2<0  6L4,382.1  BT1,029.9 . .
S42 1019 8 Longyear 8.7 ~20+44.2 474912 &04,000,3 870,020.2 . -
542 1027 12 longyear 274.0 ~22+60.9 49498,6D 6&44,279.5 870,130.0 b .
544 1027 1 Longysar A74.6 24,4778 52405,80  644,558.6 870,239.9 . .
545 1020 by longyear 2201,7 ~13+62,8 59438 0D  644,745.5 868,920.¢ . -
546 1020 9 Longyear 17,2 - 6¥71.9 O 60, 6D 645,122,686, LD * .
5.7 1020 3 Longyear 24449 0+19.0 73483.2.0  &L5,487,7  867,060,0 " .
548 1014 12 longysar 2150.8 74099 81405,9-D  645,853.9  866,129.7 . .
549 1034 1 lorgyear 2111.2 14,400.8 88+28,4-0  646,220.0  865,199.4 * .
550 1019 2 Longyeer 2187,5 ~11+23.8 56+85,8.L 644,426,3  B868,809,L . "
351 1027 7 Longyear 213344 - 2¥10,6 62407,2-0  644,541.7  BE7,816,2 . .
552 1020 20 Longyear 2101,2 6+08,0 66484.5-D  64L,606,4  866,818.5 * *
553 1017 8 Longyear 2097.0 15+00,6 71+35.0-D 644,640.9  865,819,5 h €
554 1017 1 Longyear 2070.6 23493,3 7548550  644,675.4  864,819.9 * .
555 1022 12 Longyear 2347.0  -110%75,2 . 19+61,9-D  645,247.7 879,392,5 Spillvay B *
556 1024 2 Longyear 2289.1  -113+98.1 17+72,9-0  645,184.4  879,777.5 . .
557 1023 35 longyear 22,9.0 -117430,1 15449.7-D  6&45,122,0  880,172,5 . .
558 102, 9 Longyear 2370.2 ~111+48.9 21416,3D  &5,395.8  B79,416.3 . .
559 1023 27 Longyear 2328.1  <213+4.9 20404.7-D  6&45,364.1  879,613.8 = .
560 1014 68 Longyear 22,8,8 ~108+70.4 1409.3-D  643,452.8  879,996.) . .
561 1018 30 Longyear 2279.5  -109433.9 10+61,2-D  6&44,343.6  879,65L.6 . .
562 1012 3 Longyear 2295,3 ~114481,8 18497,4-D  645,332.5 879,801.,2 . .
563 1019 JAl Longyear 2299.1  -120439.5 271427.1-D  &4€6,319.6  879,959.4 v -
564 1017 36 Longyear 2215.8  -125%97.2 35+56,8-D  647,306.7 B80,117,6 . v
565 1018 Al Longyear 2200.4  -131454,8 6+419,7-U  &48,293,8  880,275.7 . .
566 1018 37 longyear 2323,0 -137+12,5 52416,2-D  649,280,9  880,433.9 . .
567 1027 2089.1  -142+70,1 60+46.0-D  650,262,1  B8D,592,0 ] .
568 1019 55 Longyear 2081,  -L48+27.8 68475.7D  651,255.2  80,750.2 e *
569 1024 30 longyear 2328,2  -116%47.8 17485.8-D  645,300.8  879,998.7 * .
570 1014 59 longyear 2234.0  -110487.9 8432,0-0  €2,689,6 880,588,6 Spillvey D Boxr 34
571 on 40 Longyear 2292.6  -118410,2 1440,9-0  643,620.C 880,954.4 v

572 o1 30 Longyear 2338.4  ~125+32.4 5450,2-D  &44,550,2 881,320.1 . "
573 1014 62 Longyear 2285.5 2132454, 22482,5-0  645,480.4 881,685.5 . "
574 1016 36 longyear 2197.1  ~139+76.1 19432,3-D0  &6,410.5 882,050.8 " -
575 1017 65 Longyear 23,7 ~246498.0 26423.3-D  &L7,300.6  882,416.2 . .
576 1011 65 longyear 2120,9  -154+19.7 3341,.3-D  €48,270.¢  882,781.5 . "
577 01 60 Longyear 051.9  -159+0.9 38432,5-D  €48,968.1  883,055.4 " "
578 1016 40 Longyear 2077.2 -164+29.8 42481.5-D  649,572.4 883,292.9 . i
579 1013 10 Longyear W22.7 - 63417.2 5428,4-D  &11,923,2 €75,687,3 Spillvey & °
580 1015 17 Longyear 2.6 - 37119 3,481,0.D  643,510,6  §72,083.7 4 .
581 1027 Longyear 2208.3 - J1+2L.7 40495,2-D  €43,821.8  8M,293.0 . ]
582 1020 13 Longyear 186. - 24,468,3 (1481.7-D 6LL,169,6  870,409.2 . .
583 1020 50 Longyear 2161.0 - 20%53,8 52416,2.D  644,389,2 869,851,1 » .
584 1015 )1 Longyear 21691 - 10486.5 62427,0-D  644,901,9  B68,5.8.6 - .
585 1016 1) Longyear 230.5 - 34265 T0421.8-D  &45,304.6 847,525.2 - .
s8¢ 1016 18 Longyesr 261.7 3468 TV ALA-D  645,670.7  B866,594.9 . '
587 1020 3 Longyear 2133.3 9+38,0 83444.3-0  645,974.7  865,822.6 . -
538 1013 40 Longyear 2123.9 11+73,0 85490.1-D  64€,099,2  885,506,2 . .
589 1018 36 Longyear 2099.4 16+77.2 91417.6=D  646,36L.5 B&L,B27.2 . .
590 1013 k73 Longyear 2183.4 - 17408.2 55476.6-D  644,572.3  B869,385.8 . "
91 1012 ] Longyear 264, -114*8.9 4486.5-U  643,154.7 880,71.4 Spillvay T ¢
592 1012 45 Longyear 2330.1  =1214711,2 240450 &44,085,0  881,137.2 w .
593 1012 U Longyesr 2328.8  <128493.0 8495,6-D  6&45,015.1  881,502.5 . .
594 1011 45 Longyear 2257.8  ~136414.9 15486,6-D  645,945.2 881,B67.9 .

595 1017 58 Longyear 2169.8 646,875,2  882,2)).2 ) ]
596 1017 5 Longyear 21132.8 647,805.3 882,598t A ] .

e O Sean. 48 '
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TABULATION AND DOEX OF DROL FRLE 10GS FOR FOUNDATION DNVESTIGATIONS FCR FORT PECK DAN - Contd

Field PRI
HBole Book Book

No._  Mmber PrraNo. Contrsstor Elevation $tation Range latisude

597 o1
598 1019
599 on
600 1027
601 1018
602 1012
603 1012
604 1018
605 1019
606 1017
&7 1016
&8 1012
609 1012
Q10 1027
611 1025
612 1025
613 1023
624 022
615 1022
616 1023
617 1020
618 100
619 1018
620 1018
61 1018
622 1022
623 1018
424 1016
625 1020
626 102C
627 1016
628 1020
629 1024
630 1024
631 1024
632 102
633 #1023
634 "0
635 *102)
636 01023
637 1021
638 1021
639 1038
&40 1038
a1 10
&2 1031
643 1030
é44 1031
645 1030
846 1031
647 1035
&8 1032
&9 1032
650 1032
651 1030
652 1032
653 1030
654 1028
655 1022-1034
656 1035
657 1029
658 1033
659 1030
660 1035
661 1031
662 1039-1033
663 1032
664, 1033
665 1038
666 1033
47 1036
668 1034
669 1036
670 103$
em 1038
672

673 1037
674 1037
675 1038
676 1039
& 1036

¢ Book lost

7
(%)
49
28
16
35
)
2,
35

2835

»388B3wr ety

R E-EREBL IR LErvarwiabeniuBa

B2

longyear
Longyear
Longyear
Longyear
Longysar
Longyear
Longyear
Longyear
longyear
Longyoar
Longyear
Longyear
Longyear

Ground

2121,%
2045.2
2037.6
2220,8
2213,0
2221,2
2237,7
2260.0

&48,619,1
650,037.8
620,503.1
&1,237.7

644,280.9

82

¢
O VORWWIENODHEFRCENOINEHN 3w

(v 3%
- « %

ABRL
\J\d\d'NOO«

3@
oy
. e .

Py

PREE

wv
53

RN

g

643,435.2

Desig-

Deparsurs pation Hle
882,918,1 Spillvay D Box 34

883,4,75.6
883,658.¢

880,083,, Spilivay E

380,404.4
880,560.3
880,278,7
879,746.0
879,722.1
879,380.2
880,038.4
880,196,6
880,35,.7
880,512,9
880,671.0

869,486,2 Spill

868,772.%
867,79.4
867,853.1
266,806,2
866,830.7
866,415.8
866,315.4
866,318.9
866,322.4
866,130.3
866,069.0
867,179.6
867,222.8
867,287.7
867,014.2
867,108.6

sy C

% @ 3 8 4R a8 wNE a8 NL 83 A S YA NSNS

880,196,2 Spillvey E

879,440.0
870,825.0
880,219,9

879,584.,0 Spillway D

880,176.5
882,112,3
882,207.2
882,848, 8
883,111.7
881,111.1
881,594.6
881,999.7
881
882
881
832
882
882,
882,
882,
883,
883,
883,
883,
881,
88,
881
880,666.4
880,754 .4
880,940.4
881,160.4
881,413.4
881, 645.3
880,910.4
881,010,6
881,340.1
881,625.0
881,729.9
882,049.8
881,999.9
882,189,.8
882,200.1

- .
O3 0
.« o u

o 0 B/ -2

BEEEG8RBYE

i uv-o‘\.._n‘
BEEIE
W PWO OO0

2 243 e 28 8NN3 883288 3acduNSSs 133 A 3 A a2

882,330.0 Test Pit
882,760.1 Spilivay D

£83,050.9
883,289,5
882,275.%
881,849.9




FMeld Teld A
Hole Book Book Ground Desig~ .
No, Muber Page No. Contragtor Klgwation Statdon Banga Latituds  Departurs zakion Ills
&18 1038 36 Longyear 2326.7 &3,540.0 881,525.0 Spillvay D Box 34
679 1036 U longyear 2298.,9 6.3,595.0 881,260,. " .
620 1037 9 Longyear 2303.8 643,498,0  881,020.0 » .
1 1038 41 Longyear 2317.5 64,3,800,0 881,775.0 . .
€82 10358 50 Longyear 2327.2 £,3,835,0 881,375.0 . .
633 1040 2 longyear 2301,5 643,900,3  881,140.0 . .
684 1037 12 Longyear 2334.3 642,,020.6 880,900.0 . . 4
cas 1034 U longyear 232,.1 604,150,9 880,660.0 . .
686 1035 5 longyear 285.6 6,3,971,2 880,550.0 . .
00 18 7 Diamond 2056, 629,368,5 862,7,7.1 Borrov U Box 33
701 1148 15 Diamond 2054.7 629,762,9  863,600.4 . .
702 1148 2) Dimmond 2047,6 630,157.3  864,453.7 . .
703 18 28 Diamond 2048.,5 630,551.6  865,306.9 . .
704 1148 32 P1amond 2050,2 630,946,0 866,160.2 . .
705 18 1 Diamond 2037.6 631,340.4 867,013.5 . .
706 14, 23 Dismond 2063.9 631,745.5 867,885.1 . -
0 1144 18 Diamond 2068.3 632,139.8 868,738.4 . .
708 1344 30 Dismond 2070.5 632,534.2 869,591,6 . .
9 1144 s PHenond 2075.3 632,928,3  870,445.0 . .
710 1147 8 Dismond 2079 632,277.5 870,228.0 . .
nl 147 13 Planond 2068.9 631,883,1  865,374.8 . .
712 17 20 D4 mmond 2066,2 631,488,8  B68,521.5 . .
713 1147 3 Dimmond 2028.0 631,094.4 867,668.2 . "
L, 148 17 Dimmond 2048.2 630,689,3 866,796.6 . .
s 1148 46 Diamond 2051.3 630,294.9  865,934.4 " .
neé 1149 15 Digmond 2046.5 €29,900,6 865,090.1 » .
n7 119 9 Diamond 2053.2 629,506,2 86(,23€.8 " .
ot 1149 2 D{amond 2054.7 629,111.8  863,383.5 . .
719 1145 1n Diamond 2053.4 628,855,1 86&,019.9 . .
720 1145 38 D1 smond 2048.6 27,20 5 86,873.2 . .
na 1148 26 Diamond 2047.7 629,643.9  865,726.5 . .
722 1145 21 Diamond 2049.5 63C,038.3 866,579.8 " "
723 1145 16 Diamond 20442 €30,432.6 867,433.0 . .
724 147 26 Diamond 2066,5 630,837.5 868,30(.8 » »
725 1147 32 Diamond 2070.4 631,231.9 866,158.0 . .
726 1147 39 Dimmond 2060.9 631,626,2 #70,011.) . *
77 1147 45 Dismond 2072,) 632,020,6 870,864.6 . .
728 L7 53 D{amond 20m.2 631,369.5 870,647.7 . .
729 L7 56 Diamond 2072.3 630,975.2  869,T94.5 . *
7130 1147 60 Cimmend 2065.9 630,580,8  868,9(1.2 . .
771 1145 [ Diemond 2038,1 630,186.4 863,087.9 * "
732 1145 30 Dismond 2047.8 629,781.6 867,26.2 * .
m 1145 4l Dimmond 2050.4 629,387,2  866,362.9 . 4
(A 1145 3% Dismond 2047.7 628,992.8 865,509.6 bl .
75 1145 47 Dimmond 2045.0 628,598,5 864,656.3 " b
736 118 51 Diamond 2035.5 629,230.8  861,257.% . .
™ 1149 42 Dimond 2040.6 628,974,.2 861,893.9 . .
T8 1149 39 Demond 2040.7 628,717.5 862,530.3 " .
739 1149 45 Diemond 2055.0 628,323,1 861,677.0 . .
740 1149 49 Di smond 2051.2 628,066.4 862,313.4 . .
(A pAvL 66 Diamond 2039.8 628,460.7 863,166.6 v .
742 1145 63 D{smond 2041.6 628,204.1  863,803.1 . "
%3 1149 58 Dismond 2050.1 627,809.7 862,949.8 v .
3 1149 53 Dismond 2054.5 627,415.4  862,096.5 v .
745 1149 62 Dimsond 2054.2 627,1%8.7 862,732.9 . .
%46 1149 66 Diamond 2047.7 627,553.0  863,586,2 . .
0%? 1149 9 Dismond WL3 .4 627,922,2  864,385.0 . .
748 15 51 Diemond 2049.0 628,341.8 865,292.8 . .
nu9 15 55 D4emond 2047.9 628,736.2  866,146.0 . .
750 1149 2 Dimsond 2048.2 629,130.5 866,999.3 . .
75 1149 25 Dismond 2044..7 629,524,.9 867,852.,6 . .
752 1145 (] Demond 2070.0 629,929,7 868,724.3 . "
753 1149 13 Diamond 2073.8 630,324.1 869,577.6 . .
754 149 29 Dismond 2M9.4 630,738.5 870,430.9 . .
755 18 32 Dismond 2053.7 642,988,1 858,820.0 Borrov D .
756 1151 36 2054.5 63,407,717  859,736.7 " .
57 18 A0 2047.2 643,827,2 860,644.5 . .
758 115 48 2043.6 644,246.7 861,552.2 . .
759 us 43 2043.7 644,624.3 862,369.2 " *
145 86 2039.7 645,128.9  B863,458,5 . .
761 142 25 2045.1 640,561.3 860,98,,3 Vinter Rarbor *
762 1142 £ 2049.4 6,0,889.9 841,938.% » .
763 1142 3 20449 6,1,035.6 862,%97.2 ] "
764 1272 Box 7
763 1275 . .
766 178 .
767 Not Drilled .
768 1278 o
769 127 .
o 1275 * .
3-15
'




~.1d  Fleld
Hole Book Book Ground Denig-
No, Mugber [Page No. (Contrsqtor Elovation Stetion Bange Lasdtude  Departure aation  Ella
m 1275 Box 37
72 1274 .
3 1276 .
™% -
TS 1272 L]
™6 127 .
kel 1275 "
T3 1275 "
7o 1274 L]
780 1272 "
791 12m .
732 1272 ]
) 1272 .
8 1272 "
1 1272 "
6 1272 "
77 1278 .
788 1278 "
89 127% .
790 1275 .
™ 1272.127% "
™2 1278 "
™ 1278 "
™4 1275 "
794 1278 .
6 1274 "
97 1275 "
98 1278 .
9 s "
ano 126) 1 Dimmond 2062,3 640,936,2 866,309.2 Tunnel Box 36
801 1263 4 Dimmond 2069.2 640,854.4  866,511.5 " "
802 1258 1 Dimmond 2285,0 638,589.4 869,822,0 . »
8¢3 1263 Diamond 2090,3 640,158,5  867,259.9 " .
ac/ 1263 Diamond 2090.3 &40,174.7  867,385.5 . "
8Cs 1258 n Diamond 2245. 638,510,7 869,72..7 " "
806 1262
A 1262 "
812 1262 "
814 1261 "
316 1262 "
817 1272 Box 37
818 1272 L]
213 1272 "
82n 1272 "
821 1266 "
822 1272 "
a23 1272 ]
82, 1272 "
825 12712 ]
820 1272 "
8™ Mot Drilled
228 1272 "
829 1272 4
830 12m2 .
831 1272 .
832 1272 "
833 1269 "
83, 1269 »
83s 1269 "
236 1269 .
837 1269 G.P. & H.L. 2065.7 85+17.30 0+47.79-U 635,181,5 862,.61.0 Left Abut *
838 1269 . 2054.8 81+77.10 11483.48-D 636,442.0 862,254.0 " "
839 1269 . "
840 1269 . 2052.7 82460,52 5+418,21-D 635,803.0 862,457.0 . ]
841 1269 " 2052.4 82+19.90 8449.69-D 636,121.0 862,355.0 " "
842 1267 » A17.7 85+82,62 11+59,15-D 636,250.0 861,896.0 . )
843 1260 . 2090.0 84458.02 11466.63-D 636,309,0  862,006.0 . .
844 1269 " 2085.9 85404.24 9+13,72-D 636,080.0 862,070.0 " .
848 1269 . 2123, 87401,62 9+487.18-D 636,044.0 861,360.0 - * "
846 1265 " 16,6 85489.77 6+430.49-D 635,767.0 862,111, " .
847 1269 . 2165, 8844466 7+88,60-D 635,787.0 8€1,777.0 " .
848 1269 . 2115.7 88+49.23 4+43.25-D 635,488.°  B86),954.0 . "
851 1260 "
85« 1269
853 1269
854 160
855 1260
856 1266

3-16
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)
ATION INVESTIGATIONS FOR FORT PECK DAM . Contd 4,1
3
Fiad  Fiad '
Bole Book  Book Grownd Desig- 1
Ko, Faber [Page No. Contrestor Ravation Statian Ranga latituds  Departura nstian  Fila 3
857 1266 Box 37 |
858 1266 . . )
859 1266 . :
860 1266 h . i
861 1266 : Box 37 ¥
862 Not Drilled to #900 ;
908 1272
909 1272 .
910 1272 "
912 1275 "
913 1275 " i
94 s . '
915 1275 . ‘
918 1275 . ;
917 1278 "
918 127% .
919 1275 "
Transit Books No. 1 through 7 = Books No. 1070 through 1076 Box 34
Lovel Books Ko, 1 through 7 - Books No. 1090 through 1099 "
Test Pit "M "P® *HL" *N* Book Fo. 1053 "
Freesing Test Book No. 1056 "
Vater Measurements in drill holes Books 1054, 1278 3% & 37
Upper Portal Auger Holes Books 1213, 1270 36 & 37
Test Pite Books 1238 Box 36
Aager holes shaft ares Books 1264, 1279 36 & 37
Lover Portal fuger Holes Books 1265, 1271 Box 37
Test Holes Mise. Books 1277, 1280, 1281 Box 37
Hole 2WB through & WB Books 1156 Box 35
Hole MB through 10MB Books 1053 and 1156 34 & 35
HRole 2WB through 31WB Boak 1153 Box 35
Test Holes West Abutment Booka 1276, 1277 Box 37
Test Borings ~ Water Loss Book 1278 Box 37
Geology Shaft Area Books 1278, 1282 Box 37
Geology Tunnel Books 1284, 1285 Box 37
Geology Lower Portals Book 1286 Box 37
Calyx HBoles Books 1287 to 1301 Box 37

Geology Spillvay (Mongold) Books 1302 to 1317 Box 37




FCRT PECK Da¥

FOUNNATICN INVESTIGAT:ONS FOR FURT PECK DaM (SINCE 19151

Role Deeignatiog Rate Sxaticn Sangs Tama of Drilling s

m38/1.6 #1 194¢ 34493 14620 Drive P&oD
PL35/1.25 1949 35400 1425 Drive "
PIs/3 N 1940 3 3404-D Drive »
PD35/2,75 195 35425 2+75-D Drive "
FD3S/ U 1939 35400 14+00-D Drive »
7D35/19.5 1942 35+00 19+5C-D Drive .
PDLC/19.5 1542 L0+00 19+40-D Drivs "
FDLS/19.5 1522 4500 19+50.0 Drive "
Well A 1942 4LT+70 20+00-D Drive .
Well #31 1946 L7470 20400-D Jet .
Well #LA 1946 49¥70 20+00-D Jet .
PUSC/1,28 1950 50400 14250 Drive .
PD50/2.75 1940 50400 2475-D Drive Ll
PD50/19.5 1942 50+00 19+50-D Drive .
‘ Well #2 1942 50+00 20+00-D Jot .
! PD%0/30 1949 50400 30+00-D Jat .
! Vell 43 1042 50+50 20+00-D Jet L]
Well #4 1942 51400 20400-D Jet .
Well #sA 1946 51470 20+00-D Jat L]
Well #5 1942 52400 20+00-D Jet -
well #6 1942 §3+0C 20+00-D Jat .
Well #6A 1946 5347C 20400-D Jat .
PD55/19.5 1942 55400 19+50-D Drive .
Well # 1942 55400 20+400-D Drive .
“ell P74 1946 55+20 20+00-D Drive .
Well #8 1942 56425 20+00-D Jet .
Well #8A 1946 56410 000D Jet .
PDS7.5/18.1 1942 57450 18+10-D Drive .
Well # 1942 57+50 20+00-D Jet .
Well #94 1946 58+20 20400-D Jet .
Weil 710 1942 58475 20+00-D Jot "
wWell #10A 1946 59445 204000 Jet "
T60/1.6 #3 1939 &0 1+60-U Drive .
PU60/1.25 1051 &40 1425-0 Drive .
POEC/3 #2 1938 59497 3411.5-D Drive .
PD60/2,7% 1950 £0400 2+75-D Drive .
D60/ L 1939 60400 14+00-D Drive .
PDE0/19.5 1942 65400 19+50-D Drive .
Well #11 1942 €0+C0 204000 Drive "
PD6O/25 1942 £0+00 25+00-D Drive .
PD6C, 30 1942 60+00 30400-D Drive "
FDEC/ 3% 1942 60400 35400-D Drive .
PDEC/ 40 1942 0400 40+00-D Drive .
PDeU/ 45 1942 €0+00 45+00-D Drive .
PDEC/50 1942 60400 $0+00-D Drive .
Well F14 1946 €0+70 20400-D Jat .
Well #12 1942 61425 20400-D Jet "
Well #124 1946 61495 20+00-D Jet "
Vell #13 1942 62450 20+00-D Jet .
Vell #134 1946 63420 20400-D Jet .
Well ML 1942 63475 20400-D Jet L]
Vell #l4a 1946 6445 20400-D Jat L
PD65/19.5 65400 15450-D Drive "
Well #15 1942 65+00 20400-D Jot .
Well #15a 1946 65+70 20+00-D Jet .
well #16 1942 66425 20400-D Jot .
Well #16A 1946 66495 20+00-D Jet n
PD67.5/18.1 1942 67450 18+410-D Drive "
Well #17 1942 67450 20400-D Jat ]
Well /74 T 1946 2420 20400 Jot .
well 18 1942 4478 20400 Jet "
Well 184 1946 445 20+00 Jet .
PT70/1.6 1942 TO+00 1+60-U Drive .
PO70/3 1942 70400 3404-D Drive "
PO70/14 1942 70400 14400-D Drive .
PD70/19.5 1942 70400 19+50-D Drive .
Well M9 1942 TO+0C 20400-D Jet .
- PD70/30 1950 70400 30+00-D Drive .
Well 420 1942 71425 20400-D Jet bl
Yell 4194 1946 71445 20400-D Jet .
Well A21 1942 73475 20400-D Jet ]
PD75/19,5 1942 75400 19+450-D Drive n
FU75.94/0.5 1940 75400 04500 Drive .
PD75.99/1.76 1940 75499 146D Drive .
PU76,02/2.91 1940 76402 24810 Prive Box
PD77.5/19.5 1942 TI+50 19450-D Drive .
FUT8,94/0.5 1940 78494 0+50.U Drive .




T T e e e+ e

TABULATION AND INDEX OF DRILL HOLE LOGS FPOR FOUNDATION INVESTIGATIONS FOR FORT PECK DaM (SINCE 19314) ~ Contd
Hole Desisnaticn Rate Station Range Ixne of Prilllng s
POT9/3.% 1940 79400 IVID Drive P&C

YU 79.01/2.80 1940 79401 2480-D D..va Box
CD80/0,38 1940 80400 0+437,5-D Drive P&O
PD80/8. 3 1940 80+00 8+30D Drive .
PD80/19.5 1942 80400 19+50-D Drive *
PD80.13/22,96 1940 80+13 22496.D Drive .
PUBL.T7/2.78 1940 81+77 24780 Drive .
Me2/1.? 1940 82400 1+70<D Drive .
084.94/0.5 1940 84494 0+50-U Drive Box 230-232
PUBL.98/2,72 1940 84+98 24720 Drive Box 230
¥DRS.01/3,75 1940 85401 3+15-D Drive Box 230
rUB7.94/0.5 1940 8749, 0+50-0 Drive Box 232
¥U90,93/0.47 1940 90493 04470 Drive Box 232
¥U93,94/0.5 1940 93494 0+50.0 Drive Box 232

- —




SECTIOR IV — CONSTRUCTION HISTORY

4.1 GEMERAL. Placement of fill by hydraulic methods started with the 1935
dredging season. At the cad of 4 years, a total of 156,000,000 «n. vd.
(119,340,000 m3) of dredged material had been pumped and 122,000,000 cu. yd.
(93,333,000 m3) had been retained ia the fill. This method of fill placement
was completed on 5 November 1939. A slide occured on 22 September 1938 and
displaced 5,000,000 cu yd (3,825,000 m3) of fill along the upstream face of
the danm. Details concerning the slide, the slide investigation, and

embankment reconstruction are presented in Sectlon V, Slide Investigation.

4.2 DESIGN OF HYDRAULIC FILL

4.2.1 General. A typlcal cross section of the eabankment, which shows
the various specified zones, is presented on jlate 4-1. The effectlve size
and clay content specified for the hydraulic fill materials are also shown on
plate 4-1. The specified mechanical aualysis curves for the various
materials are presented on plate 4-2., Records of effective size and clay
coatent were taken at each station and were plotted on cross sections.
Plates 4-3 and 4-4 present a typical section at station 40+00, which shows
the effective size and clay content of the embankment [or the entire section
a8 determined by laboratory analysis of permanent record samples taken after

the fi1l1l was in place.

4.2.2 Specifications for Hydraulic Fill. The following {s an abbre-

viated version of the specifications used for placemeat of the hydraulic

111l. The complete specification is presented {n Reference 43 list~d in the
Bibliography of Referenced Data.

4,2.2.1 "The purpose of these specifications is to Llnsure the
placement of satisfactory hydraulic fill materials in the Fort Peck Dam. The
dam shall be composed of a dense, relatively {impervious core, confined by two
permeable shells. The core, except the sandplugs, shall be a homogeneous
mixture of fine sand, silt and clay. The shells .,hall be sand and gravel
with limiting amounts of clay and silt as herelnafter specified.

-1




4.,2.2.2 General. “In order to limit and define the materfal to
be placed, the cross section of the dam is divided into zones as shown on

(plate 4-1) which 1s a part of these specifications.

§4.2.2.3 Zones 1 and 6. “"The shells below elevation 2,180 ft

m.8.1. shall have an average effective size greater than 0.1 millimeter (umm).

The shells above elevation 2,180 ft m.s.l. shall have an average effective
size greater than 0.05 mm. Below elevation 2,100 ft m.s.l. the average clay
content shall be less than 3.0 percent by weight; between elevations 2,100 ft
m.8.1l. and 2,180 ft m.s.l. the average shall be less than 5.0; and above
elevation 2,180 ft m.s.1l. the average shall be less than 8 percent.

4.2.2.4 Zones 2 and 5. "Zones 2 and 5, comprising the

transition areas wherein the shell material grades to core material, shall be
composed of material having an average effective size greater than 0.005 mm.

The average clay content shall be less than 10 percent (by weight)."”

4.2,2.5 Zone 3 Below Rlevation 2,200 ft m.s.l. “Zone 3
material, except the sand plugs, shall be composed of a material having an

average effective size less than 0.005 mm. The average clay content shall be
greater than 10 percent and less than 30 percent (by weight). The average
mechanical analysis of this material shall fall within the limits of curves 1
and 2 (plate 4-2) which i8 a part of these specifications.”

Zone 3 Above Klevation 2,200 ft m.s.l.: "This material

shall have an average effective size 1less than 0.01 mm. The average

mechanical analysis of this material shall fall within the limits of curves 1
and 3, plate 4-2."

$.2.2.6 Zone &. "Zone 4 comprises the area between the minimum

and maximum downstream core limits. This zone may be composed of material as

defined for zones 3 ot 5 by the above specifications.”




4.2.2.7 TYhe Sand Plugs. “To approximately elevation 2,180 ft
m.s.1l. the sand plugs that retain the core on each bark at the river section,
shall be composed of a material that has an average effective size less than
0.10 mm. The average clay content shall be less than 20 percent (by weight).
Above the sand plugs, the core shall be composnd of material that has an
average effective size less than 0.02 mm. The average mechanical analysis of
this material shall fall within the limits of curves 1 and 3, as shown on

plate 4'2. "

$.3 FOURDATION AND ABUTMENT TREATMENT. As discussed in the section on site

geology, the entire foundation of the dam was covered with a clay blanket
that was underlain by stable sand. The clay was relatively impervious and
had relatively low shear values when saturated. For this reason, the clay
hlanket was stripped from the foundation of the dam between the abutments to
an average elevation of 2,050 ft m.s.l. This operation involved the removal

of over 4,000,000 cu. yd. (3,060,000 m3) of material.

The remaianing fine-grained sand is interspersed with layers of coarse
sand, gravel, and clay. The numerous {nterconnecting layers of coarse sand
and gravel indicated the advisability of some measures to reduce seepage and
prevent possible piping through the foundation. To ensure against this
possibility, a steel sheet pile cutoff wall was driven approximately along
the axis of the dam {nto firm shale, forming a continuous diaphragm which

extended up both the right and left abutments.

Both the upstream and downstream toes of the dam were constructed of
gravel varying in sfze from % to 6 inches (12 to 152 mm). The upstream
gravel toe had a maximum width of 225 feet (69 m), a maximum hefght of 60

feet (18 m), and a crest 30 feet (9 m) wide. The upstream gravel toe was

blanketed on the upstream face with field-stone rirap. The downstream gravel
toe, 469 feet (141 m) in maximum width, had a crest width of 25 feet (8 m)
and a maximum height of 80 feet (24 m).




4.4 STEEL SHEET PILE CUTOPF WALL. Reference 32 listed in the Bibliography

of Reforenced Data discusses the steel sheet pile cutoff wall and should be
congulted for detailed information concerning 1its purpose, installation, and

initial operation. The following history of the purpose and Installation of

the cutoff wall is quoted in part from reference 32.

"The steel sheet pile cutoff wall was installed as recommended
by the Board of Consultants at a meeting on 11 January 1934, to provide
a relatively impervious curtain of steel extending downward from the
impervious core of the hydraulic fill to the impervious Bearpaw shale
bedrock to retard the percolation of water through the many relatively
discontinuous pervious of semi-pervious strata of the intervening
alluvial materials underlying the dam. The wall was installed 37.5
feet (11.4 m) upstream from the axis of the dam, exteads 10,146 feet
(3,095 m) from station 2404 in the right abutment to station 103+50 in
the left abutment, and contains 1,183,427 square feet (110,060 m2) of
steel sheet piling. Every effort was made during the installation of
the piles to drive them to firm shale. The top 20 feet (6.1 m) of the
plles were subsequently embedded in the 1impervious core of the
hydraulic fill.

"The specifications called for interlocking piling with a web
thickness of not less than 3/8 inch (9.5 mm). The contractor elected
to use a shallow arch-type piling with an effective width of 16 inches
(406 mm). Piles having a 3/8 inch (9.5 mm) web and weighing 23 pounds
per foot (34Kg/m) were used in general for the lower portion of the
wall, which averaged about 70 feet (21.3 m) in depth. During the place-
ment operation piles having %-inch web (12.7 mm) and weighing 28 pounds
per foot (41.6Kg/m) were selected and were attached by welding to form
the upper portion of the wall. The %-inch web (12.7 mm) thickness was
used in the upper portion of the wall becauge of the severe driving
required to attain the final depths. In the maximum valley section the
piling was driven to the then unprecedented depth of 163 feet (49.7 m)-
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“Driving the steel sheet piling to the required depths demanded
much ploneering and experimenting by the contractor 4s there were no
historical records of piling being driven to these depths. The
principal {tems of equipment which were developed on the job were the
196-foot (60 m) high traveling gantry craie and the hydraullc spade
jet. The hydraulic spade Jjet as finally developed contributed much to
the success of driving the piling. The main advantage of this type of
jet was in deep prejetting with the jet operating in the Interlock of
the previously set pile. The jets worked best 1in loams, sand, and
sandy-clay, and 1in this type of material after proper prejetring, a
lower tier length of piling would drop almost full length by {ts own
welght. The spade jets were used in prejetting for the entire length
of the piling. Round jets with nozzles varying from i}% to 1 5/8 (31.3
mn to 41.3 mm) inches ln dlameter were also used. Normally these round
Jets were operated on both sides of the pair of piles befng driven with
usually only one jet in operation at a time. Normally the round jets
were used only in driving the upper tiers of piling. All piling were
driven to their final positions below the Jjetting depth with a power
hammer operated by either steam or compressed air. Jetting with round
jets was never performed at a lower elevation than the bottom of the
plle in order to prevent scour of fines and consequent precipitation of
gravel and boulders 1into the path of the pile which would tend to
deflect 1it. When boulders were encountered which blocked the piling,
the round Jets were employed to cut holes in the form of a semi-circle
at the side of the bottom end of the pile to allow the obstacle to

slide away from its obstructing position.

"A rapid 1increase ian the speed of penetration of the piling
usually indicated that the pile had broken from the interlocks. 1If a
plle began bouncing while being driven it was assumed that a weld had
broken, in which case the driving operations were completed unless the
break occured above the surface of the ground. The percentage of known

broken splices was very small.
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“"In addition to the waln cutoff wall, four steel sheet plling
range walls were constructed on the left (west) abutment as successive
barriers to any seepage that might occur along the valley .lne and
through the stratifled alluvial material found underlying the glacial
till overburden on that abutment. These walls, aligned almost parallel
to one another, extended from points on the flood plain approximately
200 feet (61 m) from the abutment, up four successive coulees situtated

between the axis and the downstream toe of the dam.

"It was originally planned to force grout into the interlocks of
the steel sheet piling and along the sides of the piling in the spaces
washed out by the water from the jets. The grout was to be forced into
position through pipes which in some cases would extend to the bottom
of the piling. After initiation of construction, it was decided to
abandon grouting entirely as no practical way could be developed to get
grout into the interlocks and it was believed unnecessary to grout
alongside the piling since these spaces were all filled with material
which was washed down from above by jetting on subsequent piling. This
material i{n effect formed a hydraulic fill which it was believed would
effectively fill the voids and meet requirements.

“"Construction of the cutoff wall was started on 18 August 1934
and completed on 21 December 1935.

During the initial construction, the dam embankment was placed on each

slde of the river and the core pool water was discharged to the river over

cascade—-type spillways. Sand was used as a plug at each river end of the

core and was also used to serve as a foundation for the wooden spillway

structure. At the time of closure, these sand plugs were quite large.

Instead of excavating this sand material and replacing with impervious core

material, it was decided to install a sheet gsteel cutoff wall which would

extend through the pervious sand and bond the core material already in place

to the closure core.




4.5 METHOD OF EMBANKMENT CONSTRUCTION. The construction of the fill was

accomplished by the full hydraulic method, using four electrically operated
dredge units. One dredge started operation on 13 October 1934 and pumped
approximately 800,000 cu. yd. (612,000 m3) before being forced to discontinue
operations for the winter. During the 1935 to 1939 construction seasons, it
was possible to operate four dredges an average of 7 months a year, averaging
approximately 124,600 cu. yd. (94,860 m3) of retained material in the f£i1l
each day. At the time of the slide (22 September 1938), 104,000,000 cu. yd.

(80,000,000 m3) of material had been retained in the dam.

The embankment was first raised to about elevation 2,168 ft m.s.l. on
either side of an 800~foot (245 m) channel section left open for riverflows.
During this first phase of coanstruction, the dredge-effluent water from the
core pools was discharged back to the river Wby means of temporary
cascade-type spillways on the slopes. When the river was diverted through
the tunnels on 24 June 1937 and when the fill extended completely across the
valley (closure), the dredge effluent was pumped out of the core pool by four

pump barges.

Pumped material was discharged from pocket pipelines along the outside
edges of the fill, thus forming beaches sloping toward a central core pool.
The resulting gradation of deposited material was from the coarsest on the
outer edge of the fill to the finest in the core pool, where the fines slowly
settled out, forming a relatively 1impervious core held in place by the

pervious shells.

In ovder to control the materials in the core, samples were taken at
various depths and locations and mechanical-analysis and moisture-content
tests were made. Periodic soundings were made to determine the rate at which
the core was filling up and the rate of consolidation of the soft material.
Subsidence plates and seepage~-determination pipes were located 1in several
transverse rows across the dam. The plates were connected to 3-inch (76 mm)
pipes which were extended as the fill was built. The pipes were perforated
8o they could be used for locating the saturation liu.s through the dam.
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%.0  ADDED Ui’:MEAM BERM BZ(WEEN STATION 30400 ASD STATION 75100.

4.6.1 Ceneral. 1In August 1937, the District Fngineer proposed that a
berw be added upstream from the embankment toe to provide agalanst the possi-
ble development of the plastic siate in the c¢lay layver that underlies the

upstream slops between stacions 30400 and 75+400. Althouph stability analyses

did not necessarily show that failure of the slope was luwpending, the

analyses clearly indlicated the relative weakness of this section of the

foundation. 1In view of this fact and considering the unusually rapid place-
aent of 111 over the creitlcal section (station 58+00), the value of this
precautionary mecasure was established. A plan view of the added bera f{is E

presented on plate 4-5.

4.6.2 Stability Analyses. The following methods were uscd to evaluate

the upstream foundation stability with and without the added berm:
(1) Swedish Method - Circle Analysis i/; (2) Swedish Method =~ Graphic
Analysis 2/; Jurgensoun's Method 2/; and Wedge Method (investigation of
strength of clay layer to resist a slide along the base of dam from core
pressure).  Summaries of the stability computations are presented on plates
4-6 through 4-15. The adopted embankment and clay foundation strength
constants are presented on plate 4-7 and in table 4-i. Clay foundation
strength Cases I, II, and III1 presented in table 4-1, vepresent the range of
conditions considered in applying laboratory test results to field condi-

tions.

1/ k. Terzaghi, "The Mechanics of Shear Failures on Clay Slopes and the Creep
of Retaining Walls.” Vol. 10, Public Roads.

2/ w. Fellenius, "Calculations of the Stability of Earth Dams.” Second
Congress on Large Dams - 1936.

3/ “on the Stability of Foundations and Embankments.” Vol. II, Proceedings
of International Conference on Soil Mechanics and Foundation

Engineering.
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TABLE 4-1

STRENGTH CONSTANIS ADOPTED FOR ANALYSIS OF UPSTREAM FOUMDAYION

Unit Cage 1 Case 11 Case II1
Material Wt., Tsf Tan § C, Tsf Tan § C, Tsf Tan § C, Taf
Shell 0.05 0.65 0 0.65 0 0.65 0
Core 0.052 0.20 0 0.20 0 0.20 0
Clay Found. 0.06 0.18 0.15 0.21 0.33 0.24 0.12

Computations were made for sections taken at Stations 25+00, 40+00,
58+00, 65400 and 75+00. At the critical section tuken at station 58+00,
computations were made by all four methods. The stability analyses are

summarized on plates 4-7 through 4-15.

4.7 CLOSURE. One of the main construction problems was the management of
the water flowing in the Migsour! River. The mean, uaximum, and minimum
daily average flows were 10,250 c.f.s. (287 m3s), 154,000 c.f.s. (4,312 m3s),
and 490 c.f.s. (14 mds), respectively. In the {initial phase of dam
construction, the water was allowed to flow in the river channel, while
earthfill was placed on each side of the river to a height of about 130 feet
(40 m). The river section in which no fill was placed was approximately 800
feet (245 m) wide. In the final phase, the water was passed through the four
24~foot 8-inch (7.5 m) tunnels while the remaining earthfill was placed.

Closure of the dam, closing off the river channel, and diversion of the
riverflow through the tunnels, occurred during the summer of 1937, immedi-
ately following the annual spring rise of the river. At that time, it was
necessary for the tunnels to be completed and for the dam to be raised on
each side of the river channel. The additional height would furnish enough
channel portion of the fill to the same height as that on each side of the

channel before the next spring flood after closure.

Detailed planning for closure was commenced in 1935 and preparatory
work was initiated in 1936 and continued into 1937. Channels 200 feet (61 m)
wide were excavated from the river to the inlet »nd outlet portals, except

for "plugs” which were required to prevent the entrance of water 1into the
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tunnels. A levee was constructed on the upstream side of the upstream gravel
toe tu veduce percolation tlirough the toe. Dredge pipelines were laid to
downstream borrow pits and four pump barges were constructed for use in
uuwatering the core pool after closure. After clesure, the determination was
mase that the most practicable method for disposal of the excess water from
the pool would be by pumping. Log boows were constructed upstream from the
tunnel fiantake works. In addition, waany advance arrangements were made for
construction operaticas during the closure period; i.e., the Great Northern
Railroad Company was requested to wmake available 500 railroad cars for
handling gravel and 120 :ars for nandiling stone.

-
1

In ‘he rlosure secticn, a rallroad ¢rcestie was located aloug the

apstream  toe  ad a  bridae was along the downstream tove of the dam.
Preliminary plaos provide? (ot ¢losura at Lhe upsireanm toe of the dam. A
namber of considecation: {afluenced the decisicen to make the closure of the
apstream rather than at the downstream toe. One of the reasons for seleciing
the wupsiream toe was the (act chat the upstream trestle would permit the
tumping of vuck as well as gravel, shereas the downstream Lridge i{ncluded a
200~foot {6 m) through spar ~ntch wonld uot perwit ithe dumping of cock in

citls reach.

The coustruction forces started the work accessary to lmplewent the
plan on 26 June 1937, 11 days beioce rthe selected dare for closure. The
“pluygs” in che channel: ieading to the tunncl portals were reduced to thelr
afnimum size of a 50-foot {15 w) top widih. Dredges were moved downstrean
and the pump boats were set In place in the cove pooi within the closure
area. The log booms were placed across the iplet channel. Gravel was Jlumped
at poth the upstream and downsttream toes in quantities that would not danger-—
ously constrict the chaunel. As the closure date drew near, the top of the
natural inlet plug was reduced i{n elevation -- first to elevation 2,050, down
to 2,047 and then to 2,044 ft m.s.l. 1a the meantime, the river stagec was

approximately at elevation 2,037 ft m.s.l.
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Until 23 June 1937, all phases of the closure operation had proceeded
smoothly and 1in accordance with plans. On that date, however, an incident
happened at 3 p.m. which required that the plans be altered radically. At
that time, movement of a portion of the sand shell occurred on the river
sideslope of the right- or east-bank section of the earthfill just upstream
from the main east pier of the through channel span of the downstream railway
bridge. This shifting of the sand shell placed a tremendous load against the
east pler supporting the 200-foot (61 m) through span of the bridge and
resulted in an 8-inch (203 am) horizontal movement and the opeuning of a
6-inch (152 wmm) crack in the concrete pier. Observations indicated that the
crack was slowly widening. Without delay, 30 carloads of gravel totaling
1,200 cu. yd. (918 w3) were dumped on the riverside of the pier, which
arrested the movement. Scour by the Tilver at the toe of the fill and rapid
drawdown following the spring flood were belleved to have been the direct

cause of the slide which damaged the bridge pler.

The river continued to fall rapidly and further earth movements were
considered probable. It was realized that if this occurred ‘the damaged piler
might fail, thus creating a serious situation since the bridge was the only
artery for rail and vehicular traffic across the river. Furthermore, closure
probably would be delayed a full year., As a result of this condition, {t was
decided on the evening of 23 June 1937 to make closure on the unext afternoon
and to effect the closure at the downstream toe. As a sufficient number of
carg filled with gravel and stone were on the east side of the river near the
bridge, it was decided that closure could be effected more quickly than at
the upstream toe and that closure operations would ensure protection of the
main bridge span and would provide a higher water level which would further
reduce the probability of movement of the fill.

At 1 a.m. on 24 June 1937, the tunnels were cleared and ready for

diversion of the river. At 4:20 a.m., the plug at the inlet to the tunnels

was broken and at 7 a.m., the plug at the outlet channel was also broken.
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since the single threugh span of the Missouri River bridge at the dowan-
stream toe was not designed to permit the dumping of rock from its sides,
boulders had to be Jdumped at the ends of the span before closure was
commenced. To ¢ssist in meking the closure and particularly to handle the
reck, a Jderrick boat equipped with a 3 yard (2.7 o) orange-peel bucket had
been placed on the right bank just below the through span of the bridge.
During the day of the 24th of June, and uncil closure started 1ia the
afternoon, tiue dervick boat lald a rock sill as far as it could reach iato
the channel to assist in retaloing the pravel which would be placed fn the
clver. After oclosure starvted, a fleet of 13 large bulldozers was asseuwbled,
9 oa th- left side of the chanuel iad 4 on the right side. Preliminacy o
starting closure, 45 cars ol rock and 16 cars of gravel were dumped at the
erds ol tre o spans Wheo closuce began, 480 carloads of yravel were on hand o

Rl F M ™~ 1 .
syvete the clog e,
R MRRAR 4

Jwen closnoe corweasedoat 4150 poa, on 24 June, flow through the tun-

: : . . o - L B! . -
sets o had aetadesd oo railc ol 2,000 Lol faY wts), while the rtotal flow of
oo Mbiecuari Rbver was oapprexiaately 10,300 o.f.2. (783 alsy. Traiuns ot

ivel, coasfstiag of 40 cars cach, woere dusped in capid asncression through
“eoehiael ospan of the downsiceam bridge afier the closure oporacioas were
startoa. At 7:05 Lol tae downstream gravel roe had been raised albove he
water smiface {n che rivaer iad the entire flow, lecss zeepapge and storayge, was
Jasslag theoush the toor diversion tuanels. Tn 2 hours 4 minutes, 140
carleads of gravei had ‘heea damped, complately  losing the Misscuri River.
Prior to closure, the elevation of the wvater surface was 2,037 ft n.s.l.
atter the chanuel wis clesed and tne entire [low diverted through the
tunnels, the pool rouse rapidly to elevation 2,046 tt m.s.l. Puaplng of fill
fato the closure section cowmenced at 9:20 p.m. the same evening and dumping
of gravel and rock continued turoughout the nlght to strengthen the closure.

Clogure of the upstream toe was accomplished at 1:00 a.m. on 26 June 1937.
The dumping of gravel continued at the rate of approximately 200 cars

per day until both the upstream and downstream toes were completed to full

height in the closure section. The dredges continued pumping into the
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closure throughout the season, and by 5 November 1937, the core pool for the
entire fill across the river valley was brought ro a continuous elevation of
2,176 ft m.s.1. With the fill at this elevation, the maximum flood of record
and also the spillway design flood could be passed through the tunnels

without overtopping the embankment.

As originally planned, the wupstream toe would have been completed
before closure except for a 2ll-foot (64 m) gap in the river channel. This
gap would have been closed by dumping gravel and rock 1in shallow 1lifts
entirely across the 211 foot (64 m) width, thereby avoiding a concentration
of the flow in a smaller width. When the decision was made to close the dam
at the downstream toe, {t was necessary, however, to alter this plan since
rock could not be dumped from the downstream bridge. As a result, while
gravel was dumped over the full width of the opening, a piluching operation
was effected by the use of bulldozers operating on both sides of the stream.
This plan was successful because of the enormous quantity of gravel which

could be dumped in a very short time.

4.8 EMBAWKMENY COMPLETION.

‘.8.1 Rlevation 2,350 ft m.s8.1. to Elevation 2227505 ft nm.s.l. The

Board of Consulting Engineers recommended that the embankment fill material
above elevation 2,250 ft m.s.l. be placed by rolled fill methods. Also, that
the placing of this fill be deferred until completion of the upstream berm.
The contract for embankment construction above elevation 2,250 ft m.s.l. was
advertised during January of 1940 and was awarded to J. A. Tertling and Sons
of Boise, Idaho, with the aotice to proceed being issued on 22 March 1940.
Actual work was started on 18 April and was completed on 15 October 1940.

The earthwork quantities required to complete the work amounted to
1,400,000 cu. yd. (1,075,000 m3) of pervious fill and 70,000 cu. yd.
(53,500 m3) of impervious fill (glacial fill). The Contractor moved the

pervious material using large Letourneau scrapers and Caterpillar diesel




tractors. The scrapevs dumped the material on the fill in about 4-inch (100
mu) tifts. Traffic compaction from the scrapers and tractors was sufficient
to yield a fill density of about 100 p.c.f. (1,620 kgm3). The impervious
glacial fill care macerial was hauled by truck from the left abutment borrow
area and stockpiled on top of the dam. 1If was then reloaded into scrapers
and spresd in lifts not oxceeding 8 inches (200 wm). After being spread, the
impervious f1ll material was ripped with a scariffer, watered, and then
rolled using two palr of tandem shcepsfoot rollers. [Usually six o eight
passes by the roller would yield the desired density of 105 p.c.f. (1,700
kmmj). A molisture content of from 14 to 16 percent (dcy weight) was required
to ansure proper cduapactioa of the iampecvious fill material. At the
complation of this contract, the embankment had a crost elevation of 2,27%5.95

£t n.s.1. and a crest width of 100 £t (30 a).

4.8.2 Final Toppiiz Out in 1946 and 1948. By 1944, the subsidence of

the dam, due to conssiidation and settlement of ithe earthrill and the
anrderiviag  {oundaticn  mailersals,  bad  stabilized snfficisntly  to peralt
belnging the ~mbauwkaent to Its wltinate gross desion grad.. in order ta
obtain an embankmeat ocroesi voad that corlld be waictained stoa minlivm of
rapeanse for swow and suand rewcval and te poovide an o anebstracied view of the
lake, the finished net clevation of the dam crest was cestablished at
elevation 2,28J.5 €t m.s.l. auil In conformanca with the origlual plaa for rthe
design of rthe crest a =ninfuum crest width of 50 f¢ (15 m) was naintained.
The regular observatlons of settlement plpes across the top ¢f the dam for-
nished the neceded data fo compute the gross zrade neccssary {n order that the
net grade across the top of the dam would be 2,280.5 ft m.s.l. in the year
2000. 1t was consildered that by the year 2000 the iudicated rate of settle-
ment would be so slow that it would no longer be of major councern in main-

taining design grade.

The material for raising the crest from elevation 2,275.5 to 2,280.5 ft
m.s.l. was available from excess fill material on the downstream slope of the
dam above elevation 2,227 ft m.s.l. and from borrow pits on the left abut-
ment. The slope of the downstream face of the main section was established

as 1 on 4 and on the dike section the 1 on 3 slope was maintained.
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On 30 April 1946, a contract was awarded to Northwestern Engineering
Company of Rapid City, South Dakota, for raising the dam to the extent
necessary to insur2 a net elevation of 2,280.5 ft m.s.l.; construccion of a
road across the top of the dam, ecxcept for leveling and wearing courses;
finstallation of a night lighting system; and for other items which were not
related to the dam proper. Notice to proceed was given on 24 May 1946, and

the work was completed on 20 June 1947.

The f1ill material from the downstream face of the dam was moved by
carryalls, terra-cobras, and clamshells, and from the glacial till borrow pit
on the left abutment by truck. The pervious material was placed first, and
the finishing course consisted of glacial till. A layer of glacial till
6 iuches (150 mm) deep was placed on the downstream slope for the first 10 ft
(3 m) down in order to lessen erosion by wind and water action. The material
for the main f111 was placed in 8-inch (200 mm)) 1lifts, moistened, and then
mixed by motor patrols and rolled by sheepsfoot roller. After the embankment
was completed, the downstream face of the dam to elevation 2,227 ft m.s.l.
berm was gone over with a lister and then seeded with a wmixture of crested
wheat grass, sweet clover, and oats. A part of the base course was also
included under the coantract and cousisted of a course of gravel 41 ft (12 m)
wide and 12 inches (300 mm) thick at the crown. A gravel walk was placed
between the roadway and the rock crest a distance of 5 ft (1.5 m). On the
upstream face the 18-inch (460 mm) thick gravel blanket was extended to the
crest and the rock riprap was relayed along the crest to elevation 2,280 ft

m.8.1.

In 1948, a contract was awarded to S. J. Groves & Sons of Minneapolis,
for considerable construction work on the project, and this included the
bituminous pavement on the crest of the dam road. The notice to proceed was
glven on 10 September 1948, and the contract was completed on 25 September
1950,
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SECTION V ~ SLIDE INVESTIGATION

5.1 GENERAL. Actual construction of the dam was nearly completed when a
slide involving 5,000,000 cu. yd. (3,825,000 m3) occurred on 22 September
1938. The fill had been raised to an average elevation of 2,255 ft m.s.l. or
within 20.5 feet (6.2 m) of the proposed top. The slide occurred on the
upstream slope between station 2+50 and station 314+00. After the slide, the
minimum elevation of the downstream shell was 2,236 ft m.s.l., well over any

lake elevatfon that might result from floods.

To facilitate the recovery of equipment, field stone, and quarry stone,
the construction of the new roads on the slide area was started 23 September
1938. Salvage operations involved the use of cranes, power shovels, and
trucks. On 24 September, construction of a railroad switchback up the
downstream face of the dam was started so that the placing of quarry stone on
the unaffected portion of the upstream face and the operation of the quarry

could coatinue. On 27 September, this new raillroad was completed.

By 30 September 1938, three dredges were back in operation: ome dredge
pumped material on the {ownstream berm of the dam, another pumped into the 2-
mile long dike on the west end of the dam, and the third extended the
upstream berm from statioa 70+00 toward the left abutment.

A pump barge had to be placed in the damaged area to handle wastewater
during the dredging operations in 1939, The pump barge was taken from the
west end of the main core pool. The barge was skidded into the reservoir and
Placed into position in the damaged area, which was above the reservoir
level, by means of locking methods. The operation was completed on

10 October 1938.

On 13 October 1938, the fourth dredge started pumping the protective
ring dike on the upstream side of the slide. On 15 October 1938, a second
dredge started pumping into this ring dike. Quarry rock and boulder salvage

operations proceeded, clearing first those ~teas required for fill
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operations. Salvage operations were completed 8 November 1938, and pumping
of the ring dike was completed to elevatiov 2,160 ft m.s.l. on 24 December
1938.

5.2 BOARD OF CONSULTANTS. Prior to the start of constructfon on the PFort

Peck Dam, a board of consulting engineers consisting of Messrs. William

Gerig, 0. C. Henry, Louis C. Hill, Warren J. Mead and Thaddeus Merriman, was
employed to advise on design aud construction wethods. The membership of the
board was reduced by the deaths of Mr. 0. C. Henry prior to the slide and of
Mr. L. C. Hill soon after the slide. Immediately after the occurrence of the
slide, Dr. Arthur Casagrande, Dr. Glennan Gilboy, and Messrs. I. B. Crosby,
J. D. Justin, W. H. McAlpine, and C. W. Sturtevant were added to the original
board. The board was requested to visit Fork Peck, as necessary, to inspect
the work and consult the records. The board was requested to submit a

memorandum upon completion of Its first visit that set forth the following:

Aay subsurface investcigations or tests that were deemed advisa-
ble, other than those already scheduled; and

The boards opinion on the emergency program then underway to take
care of the riverfloew during the spring runoff in 1939.

The information obtained Ffrom the =slide investigation was to be
submitted to the members of the board as It became available, so that a full
meeting could be held as soon as practicable to consider the following

points:

Final design for recoastruction cf the slide area;

Recommendations as to whether changes or additions were necessary
or advisable in any other portions of the dam;

Recommendations as to whether additional precautions were neces-
ary or advisable in bringing the dam to final grade; and

Determination of the cause of the slide.




5.3 DATA MADE AVAILABLE AS RESULY OF INVESTIGATIONS. As a result of the
fuvestigations by the District Engineer, the frllowing items were included

among the data made avallable to the board.
Records of laboratory testing covering:
Mechanical analysis of materials.
Void determinations.
Relative density determinations.
Water content of samples.
Congsolidated shear tests.
Quick shear tests.
Triaxial compression tests.
Critical density determinations.
Permeablility tests.
Mineralogical examinations.
Photoelastic models for stress analysis.
Field compaction tests.
Field shear tests on bentounite insitu.
Horizontal and vertical movements of reference points.
Location and rate of fall of saturation line.
Hydrostatic pressures in foundation.
Peg model of slide and foundation.
Glass model of slide and foundation.

Descriptions of slide and its progress as obtained from
eyewltnesses.

Core drill records from more than 200 drill holes measuring
2 inches (50 mm) to 6 inches (150 mm) 1in diameter that were
drilled after the slide in the dam and foundation. Photographs
and core records were taken of seven Calyx core drill holes 12
inches (300 mm) to 36 inches (900 mm) in diameter. The slide
material was frozen and then drilled to secure 955 feet (290 m)
of cores showing exact condition of materials in slide and
foundation.
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Records and photographs of two exploratory tunnels, one ucasuring
158 feet (48 m) long and the other 151 feet (46 m) long, showing
condition of weathered shale, subfirm shale, and penetration of
water and faults.

Data and tests from five shafts totaling 312 (95 m) in the dam
outside of slide areas.

Geological cross sections No. 1 to No. 26 showing conditions
after slide.

Maps showing distribution of materials in slide area.
Detailed plans and progress cross sections of the dam.

All data on foundation explorations made prior to the slide.

Rate and time of placing fill.
Core-pool limits during construction.
Mechanical analysis of fill material.
Subsidence records.
Core-counsolidation records.

Photographs and records of construction operations.

Aerial photographs.

Cross sections and topographical maps showing comparison of dam
and foundation before and after slide.

Maps and photographs of trestle and piling before and after
slide.

Stability analyses made on sections of the dum as constructed and
on numerous sections propcsed for the reconstruction of slide
area and strengthening of other portions of the dam.

5.3.1 Earth Shock. A check was made to determine if amny disturbances,
such as an earthquake, were recorded at or before the time of the slide. A
report from the records of the nearest seismograph, which was located at
Bozeman, Montana, indicated that between the dates of 11 September and
23 September 1938, there were no disturbances of sufficient intensity to have

had any effect on the Fort Peck Dam.
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5.3.2 Explorations. Exploration of the slide area was started
25 September 1938. A series of borlng locations was established throughout

the alide area in such a manner that geologic cross sections could be made.

The holes were drilled with core-drill and churn-drill rigs. Samples of
material above the shale contact were taken on 2%-foot (0.76 m) intervals and

continuous cores of shale were taken.

Seven large diameter borings were made 1in the slide area and two
borings were made {nto undisturbed portions of the foundation by means of
Calyx drill rigs. In order to obtain undisturbed <cores, portable

refrigeration plants were used to freeze the material above the shale.

Test pits wer: dug in several locations on the unaffected portion of
the dam and in the flcod plain below the dam to obtain undisturbed samples of
shell and foundation material. Two drifts were dug into the right abutuent.
The purpose of these excavations was to observe the geological conditions in

the abutments, to obtain samples of wmaterial encountered, and to perform

tests on the material in place.

A summary of the explorations shows that a total of 145 separate holes
were drilled with core-drill and churn-drill rigs through 12,096 feet
(3,689 m) of fill material and 5,313 feet (1,620 m) of foundation shale. The
large Calyx holes were drilled a total distance of 1,172 feet (357 m). The
total footage of shafts sunk was 335 feet (102 m). The two drifts were
driven a total distance of 328 feet (100 m).

5.3.3 Geological Peatures. Twenty-six geologic cross sections of

slide area were drafted; one sgeries ran parallel to the axls, one at right
angles, and one diagonal from northeast to sgscutheast. The locations of all
exploratory holes, shafts, and drifts are shown on plate 5-1. A plan view
showing the surface geology of the slide area 1is presented on plate 5-2.
Geologlc cross sections 1 through 8 are presented in appendix B of reference

31. 1In general, these cross sections show:
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The overburden materials and of the structure of the faults under
the right abutment.

The elevation at which the maximum movement took place.
The distributfon of the slide material.

Position of the most important bentonite heds.

The locatlon of fault "A" in the shale.

Thickness of weathered and subfirm shale.

5¢3.4 Tests. Mechanical analyses were made for the purpose of
classifying the materials. Undisturbed samples were secured from various
parts of the slide area, from the test pits and drifts, and frcm 8-inch-
(200 wn) dlameter holes, on which complete laboratory iests were perforumed.
A summary of the laboratory test procedures 18 preseated on plate 5-~3. The
test results are presented on plates 5-4 through 5-13 and on plates 5-18
through 5-30. The test results are summarized on plate 5-31. In general,
lahoratory tests {ndicated that both the fill and the majority of the founda-
tion materifals had a satisfuctory degree of stability. Considerable varia-
tion was found in the bentonite seams, however, and tests indicated that the

shearing strength of the softer grades of benteaite was extremely low.

Tests were made on portions of the hydraulic f£ill placed after the
slide to detevmine the feasibility of further compacting the hydraulic fill
by using heavy tractors. 1Tt was found that in order to secure uniform addi-
tional compaction, methods for handling the fill materials would be necessary
which would interfere considerably with placemeat of the fill. It was
therefore declded not to use tractors to compact the hydraulic fill material.
Results of the field compaction tests are presented on plates 5-14 through
5-17.
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5.3.5 Stability Analyses. Both static~slide and elastic-theory

analyses were made on various sections of the dam. The latter method of
analysis, as developed by the Fort Peck District, is fully described In
reference 19. Plates 5-32 through 5-35 present critical sections of the
slide area just prior to the slide. These sections were analyzed to deter-
mine values of friction and cohesion required in the foundation for a factor
of safety of 1.0. These computed values, together with the counservative
values for the shearing strength for the core and shell material, based on
the summary of laboratory tests presented on plate 5-31, were used in the
reconstruction analyses presented on plates 5-36 through 5-41. Laboratory
shear-test results were used throughout the analyses of the sections at
statloas 58+00 and 85+00 presented on plates 5-42 and 5-43. The stabillty

analyses of the proposed plan show a minimum safety factor of 1.5.

5.3.6 Summary. The following items summarize pertinent information
obtained as a result of the slide investigation:

The upstream shell wmoved in mass, carrying the rockfacing
practically intact upon it.

A substantial portion of the trestles and pile bents buried in
and under the upstream toe moved out intact.

The west part of the slide was limited to about statiomn 27400,
300 feet (91.5 m) short of the berm which had been previously
placed from statioa 30+00 to the west. Section IV, Construction
History -~ Paragraph 4-6, “Added Upstream Berm Between Stations
30+00 and 75+00." .

The core material showed remarkable stability after beiug
subjected to the rapid outwash of core water.

The core pool at no time overtopped the shell.

The explorations made subsequent to the slide indicated distinct
shear planes on or 1In the weathered portions of the shale
foundation and 1in the bentonite seams which lay, in general,
horizontal within the shale and which had a maximum thickness of
about 15 inches (380 mm).

Bentonite seams uncovered in exploratory tunnels and exploratory
holes were saturated and, in some cases, undet pressure.

Most of the fill materials involved in the slide showed 1little
change in stratification.
Shale on the right abutment moved down the "A" fault plane.

v-7

T e e e e e ———— e -




No shale movement was indicated east of fault "A."

The upstream shell of the dam remained intact on the right
abutment east of about station 10+00.

5.4 CORCLUSIONS AND RECOMMENDATIONS OF BOARD.

5.4.1 Cause of the Slide. The slide in the upstream portion of the

dam near the right abutment was due to the fact that the shearing resistance
of the weathered shale and bentonite seams in the foundation was Lnsufficient
to withstand the shearing force to which the foundation was subjected. The
extent to which the slide progressed upstream may have been due, in some

degree, to a partial liquefaction of the material in the slide.

5.4.2 Beconstruction in Sif{de Area. The slide area should be recon-

structed as shown in plan on plates 5~44 and 5-45 and in cross sections shown

on plate 5-46.

The hoard agreed that the shell of the reconstructed section could be
built by elther hydraulic fill or rolled~fill methods and recommended that
the core be constructed of rolled impervious glacial €111 from the left
abutment to a ainimum width of 15 feet (4.6 m) at elevation 2,255 ft m.s.l.
and 50 feet (15.2 m) at elevation 2,120 ft m.s.l.

The board recommended that the plan for reianforclng the old core by
means of a single row of steel sheet piling, as proposed by the District
Engineer, be adopted. A steel sheet pile wall was, therefore, constructed to
connect the undlsturbed portion of the hydraulically-placed core and the
lmpervious abutment material with the mechanically-placed glacial till core,
which was constructed during the rebuilding of this portioa of the dam. The
purpose of this piling was to provide a positive cutoff wall where it was not
practical to excavate all the disturbed material dowm to sound core or
foundation material. This wall extended from station 4+80 at the east
abutment to station 25+70 along the axis of the dam and was in effect part of

the core of the dam.”
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The board approved the exploratory program outlined by the District
Engineer covering 1{installation of piezometer pipes iIn the shale of both
abutments for the purpose of monitoring hydrostatic pressures. The board
further approved the plan of the District Engineer to install drainage wells
at such points as the plezometer measurements indicated drainage would be

degirable.

The board considered in detail the question of stripping disintegrated
shale from the east abutment and examined the results of shear tests and
stability analyses made by the District Engineer. As a result of this
examination, the board concluded that the flat slopes of the reconstructed
section would result in shear stresses in the disintegrated shale of very low
intensities. An adequate factor of safety was presented so removal of the

disintegrated shale was not necessary.

The board considered the question of grouting the fault zones 1in the
shale in the east abutment and approved the plan of the District Engineer for
further study of this problem.

5.4.3 Treatment of Portion of Dam Unaffected by Slide. The board
recommended that the portion of the dam unaffected by the slide be

strengthened by the addition of upstream fill as shown on plates 5-46, 5-47
and 5-48.

The board recommended that the material in the added upstream fill be
the same as or coarser than the original shell material. The board believed
that this material would be sufficiently free~draining so no special

provision for drainage would be necessary.

5.4.4 Compaction of Bydraulic Fill, In the congstruction of the berms

on the upstream slope of the dam by hydraulic means, the board recommended

that tractors be used on the beach to secure as great a degree of compaction

as may be practicable without interference with the hydraulic placement of
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the material. The board recommended that the use of these tractors be
continued to such an extent as necessary to demoastrate whether or not

worthwhile additional compaction is obtained.

5.4.5 Construction Above Elevation 2,250 ft m.s.l. The board

recommended that cwbankment f{l1l above elevation 2,250 ft m.s.l. be placed by
rolled~fi11 methods and that the placement of this £fill be deferred until the

recommended berms were completed.

5.4.6 Dike Sectfon. The opinion of the board was that the dike

section forming the wing of the dam oun the left abutment was satisfactory as

completed.

5.4.7 Trestment of Iniake Stvucture. The opiaion of the board was

that the grading proposed by the District Fnglneer for the hillside at the
intake reduces io a miaimuw the probability of serious slides in the hillside

which alght Interfere with the intake.

The opitafon of the board was that the proposed plan of filling required
the strentheniug of the headwali on the rescrvoir side of the intake and
that, {a connection with this strenthening, atteation should be given to
providing easler passage for the water through the {ntake aud into the
tunnels. The board recommided that end ramps to facilitate the cleaning of
trash rvrocks should be coanstructed of reinforced concrete with a smooth

surface.

5.4.8 Deflection Records. The Board examined the records of vertical

and horizontal deflections of reference poinis in the unaffected portion of
the dam and foundation. The board was of the opinion that these movements
conformed to expected normal readjustments of the materials in the dam and

foundation and recommended that these observations be continued.
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5.4.9 Compilation of MNotes. The board recommended that the District

‘ Engineer assemble and correlate in permanent fo.m all data pertaining to the f

mode of occurrence of the slide, the 1investigations and analyses made {in
connection with the slide, and the plans for reconstruction 1In order that
complete and accurate information may be made available to the engineering

profession.
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SECTION VI — EVALUATION OF RIPRAP SLOFE PROTECTION

6.1 DESCRIPTION OF RIPRAP SLOPEK PROTECTION (ORIGINAL CORSTRUCTION).

6.1.1 General. A plan view of the project and a typical embankment
section are presented on plate 6-1. Also presentad on this plate is a wind
rose and other pertinent data used in the evaluatfon. This evaluation covers
the riprap slope protection above the elevation 2,212 ft m.s.l. berm. This
reach 1s subject to more wave action during normal operatio:s and has

received preventive maintenance repairs.

6.1.2 Upstream Shel]l Material. The shell material consists of medium

to fine :and with a wmedian size of about 0.25 mm and a Dgy size that varies
from 0.30 to 0.6 mm. Plate 6-2 shows the approximate gradation of this mate-

rial that provides a base for the gravel bedding.

6.1.3 Cravel Bedding. The gravel bedding material generally consists
of clean gravel well graded between 4 inches (100 mm) and % inch (13 wm).

Plate 6-2 shows the gradation of the gravel bedding material.

6.1.4 Riprap. The upstream face of the dam is generally protected by
large quarry stone from Snake Butte, which is located about 100 miles west of
the site. This rock is greenish—gray in color and has a unit weight of about
175 1b.cu.ft. (2,830 kg m3). The weight of the riprap stone varies from
2,000 pounds (900 kg) to about 40,000 pounds (18,000 kg); the medfan size by
weight is 15,000 pounds (6,800 kg). Cranes were used to unload, individually
place, and position each stone on the gravel bedding layer. The riprap
gradation is shown on plates 6~2 and 6-3.

6.2 PERFORMANCE HISTORY. Initial erosion of bedding gravel was noted in an

inspection made during October and November 1948. Pictures were taken of

gravel erosfon but no subsidence was noted in this inspection. During an
inspection made in December 1952, increased gravel erosion was noted and two

areas were found where considerable subsidence "~ ‘d occurred. These areas
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were repalred by Govermment forces by adding gravel and fi ling the void
spaces between the large rock with spalls up to 12 inches (300 mm) ‘n size.
Fxperimental blasting was performed in one area to reduce the size of large
rock and furanish the spalls for filling voids. During an inspection made in
Docember 1954, 45 areas were found where subsidence could be noted or where

subsidence was {uminent due to sand being pulled through the gravel bedding.

6.3 UPSTREAM FACE REPAIR CONTRACTS.

6.3.1 First Experimental Comtract. This contract was completed during

1953 after the reservoir was lowered below the work areca. This contract
covered an area 60 feet (13 m) wide between statlion 66+40 and station 81+00.
The work consisted of reducifng the size of exlsting facing rock, generally
those larger thaa 6,000 pounds (2,700 kg), by drilling, blasting, and
cearranging the resultant smaller rock to produce a reasonably well graded

protective layer over the gravel bedding layer.

5.3.2 Second Rxpeximental Contract. The second experimental contract

Jas completed during 1958 and consisted of furnishing and placing rock spalls
on the upstream face of the dam in such a manner as to fi1ll the voids between
the existing derrick stone riprap to prevent further eroslon of the under—
lying gravel blanket. ‘The rock spalls were reasonably well graded and net

the following gradation requirement:

Percent by Weight

Sieve Square Mesh (inch/mm) __Passing
12/300 100-90
6/150 60-30

3/75 10-0
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Hand placement was required as necessary to place suitably-sized rock in
unfilled voids between the existing quarry stone after the initial placement

of the rock.

6.3.3 Upstream Face Repairs — Third Contract. The third contract for

the repair of the upstream face used the method developed by the second exper-—
imental contract and allowed the contractor to use a stockpile of large der-
rick stone at Fort Peck as a source of supply. The gradation of the ror
spalls was the same as for the second experimental contract and the amcunt of
rock to be placed was determined as 400 pounds per square yard (2.5 kg
per m2).

6.3.4 Summary. The repair work on the upstream face of the Fort Peck
Dam was performed as preventive maintenance and was completed before any
appreciable damage had occurred. The material as originally placed did not
meet basic filter requirements but performed so long as a bedding layer in
excess of 12 inches (300 mm) was maintained. The repair coantracts developed
a rock spall cover to prevent further erosion of the gravel bedding layer.
It 1s anticipated that trouble areas which develop in the future can be

treated by Government maintenance forces with materials at haund.

6.4 EVALUATION OF SLOPE PROTECTION.

6.4.1 Adequacy of Filter Design. As shown on plate 6-2, the gradation

of the gravel bedding layer is completely inadequate to meet present—day fil-
ter criteria between the fine embankment shell material and the very large
riprap stone. In practice, it was found that the 18-inch (460 mm) layer of
gravel was thick enough to sufficiently dampen the flow due to wave surges so
the shell material was not drawn through the coarse bedding layer. When the
gravel layer was eroded to a thickness of about 12 inches (300 mm) or less in
the large voids between the individual pieces of riprap, the sand shell mate-
rial would start to be pulled through the bedding layer and a subsidence
could be noted. The gravel bedding layer was eroded from between and under
the large riprap in numerous areas and troublesown. areas could be noted by

the size of the gravel windrow at the low waterline in the fall of each year.
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6.4.2 Adequacy of Riprap Stone. The following table 6-1 compares as~

built gradations with gradations required based on current criteria.

TABLE 6~1
RIPRAP STONE
AS~BUILT VERSUS REQUIRED GRADATIONS
Method A Method B
Scripps
Wave Ht and SMC Wave Ht &
EM 1110~2-~2300 WES Riprap
As—-Built#® "~ Homograph < Formula
Wave miles/km
Fetch —~ miles and direction - 20/32 ssw 11/18 Ssw
wind - mph/kmh - 60/97 60/97
Wind duration - hours - . 2.8 1.5
Wave height ~ feet/m - 13.0/4 8.3/2.5
*As Designed Wave Data Not Known
Filter
Thickness inches/mm and material 18/460; gravel
Median size - inches/mm 1.5/38
Spalls
Thickness and material As required-crushed
derrick stone
Median size - inches/mm 6/152
Riprap
Embankment slope 1 on 3.5 1 on 3.5 1 on 3.5
Layer thickness - inches/mm 53 30 -
Unit weight —pcf/kgm3 175/2830 175/2830 175/2830
KgR in WES formula - - 1.7
Rock Size
Maximum - p/kg and 40,000/18,000 3,200/1,450 10, 400/4,700
inches/mm 73/1,850 34/860 48/1,220
Minimum - p/kg and 2,000/900 100/45 6447290
inches/mm 27/690 11/280 20/500
Average - p/kg and 15,000/6,800 800/360 2,900/1,300
inches/mm 53/1,350 22/560 33/840

The above tabulated data for riprap stone are plotted on plate 6-3.

l! WES Miscellaneous Paper 2-465 "Design of Riprap Cover Layers for Railroad
Fills, Ice Harbor, and John Day Lock and Dam Projects,” January 1962.
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6.5 COWMCLUSIONS. The difficulties of riprap subsidence and erosion of the
underlying materials experienced at this site emphasize the importance of
proper filter design. The average size of the riprap stone is more than five
times heavier than that required by the very congervative WES riprap formula.
The gravel bedding placed during original construction, however, 1is too
coarse to prevent migration of the fine shell material and too fine to resist
erosion from between and under the riprap stone. It 1is anticipated that
riprap subsidence will be a continuing problem because the repair spalls,

which are too small to resist design wave heights, will be displaced during

storm periods.
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SECYION VII - EMBANKMENT, FOUMDATION, AND ABUTMENT SEEPAGE OBSERVATIONS

7.1 GENERAL. The seepage performance at Fort Peck is covered in detail in |
references 32, 33, 40, 41, 42, and 43. Plate 7-1 is a plan view drawing
which shows the locations of wells and plezometers for the main dam and left

abutment.

7.2 FOUMDAYIONM DATA. Plates 7-2 through 7-5 present soil profiles beneath
the main embankment and along the downstream toe of the dam. The profile

shown on plate 7-2 1is located along the cutoff wall which 1s 37.5 feet
(11.4 m) upstream from the axis. This plate shows generalized foundation
conditions and the penetration of the sheet piling at the cutoff wall. The
profiles shown on plates 7-3 and 7-4 are at stations where pilezometers are
installed. These profiles will be referred to in the following discussions

of plezometric observations relating to head loss and seepage gradients. The

profile shown on plate 7-5 is along the downstream toe of the dam. Plate 7-6
presents a plan view of the embankment superimposed on a contour map of the

top of shale bedrock. Also shown are the locations of all drill holes used

to determine the bedrock contours.

7.3 DOWESTREAM PRESSURE RELIEF WELLS.

7.3.1 Previous Reports and Correspondence. References 29 and 33,
listed in the Bibliography of Referenced Data, discuss the temporary and

permanent pressure relief well system and should be consulted for detailed
information concerning the history, design, and operation of the temporary

and permanent pressure relief well system.

7.3.2 History Prior to Iastallation of Relief Wells. A system of

pressure relief wells was not iIncluded in the original design of the Fort

Peck Dam. The problem of underseepage was recognized and a sheet steel pile

cutoff wall was installed to cut off or limit the underseepage. During the

initial years of operation, the reservoir was at a low stage and hydrostatic |

pressure in the pervious strata of the foundation .1s not excessive. During
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1937, several test holes had been drilled in the valley downstream from the
dam. One of these, at the downstream toe of the dam and penetrating to the
pervious gravel strata of the foundation, showed an artesian flow and was
left in place. Pressure and discharge measurements were made on this well
from time to time. During the spring of 1942, the reservoilr filled at a
rapld rate, and it was noted that the pressure of the artesian well had
increased considerably. When the reservoir reached elevation 2,174 ft
m.s.l., which was 76 feet (23 m) below full pool elevation, the pressure had
become so great that the water broke up through the soil around the outside
of the pipe. This uncontrolled seepage soon formed a boil about 20 feet (6
m) in diameter and about 35 feet (10.5 m) deep. FEnlargement of the boil was
arrested by filling the cavity with an inverted filter of sand, gravel, and

rock.

An investigation of the conditions that started the boil was commenced
at once and a Board of Consultants was couvened. Plezometer pipes were
lmmediately installed at 500-foot (150 m) intervals along the downstream toe
of the dam. These piezometer pipes showed excessive pr-i3sure in the pervious
strata beneath the clay stratum. A maximum pressure head equivalent to a
head of water 45 feet (14 m) above the ground surface was observed, and
studies indicated that if the pressure was not relieved it would rise to a
maximum of 70 feet (21 m) at full reservoir elevation. The Board of Consult-
ants recommended that a system of relief wells be installed near the down-
stream toe which would 1lnsure feducing the hydrostatic head in the downstream

area to a value less than 15 feet (4.6 m) above the ground surface.

7.3.3 Temporary Relfef Wells. A temporary well system was iostalled

under emergency conditions from materials which were on hand. Work was
started on the first well by Government plant and hired 1labor until a
contract could be negotiated with the Norbeck Drilling Company of Redfleld,
South Dakota (Contract No. W-631-eng-2765 dated 17 July 1942). The contrac-
tor then took over the drilling of the wells and Government forces continued
on the installation of plezometer pipes. Wellsg were installed by wash boring
method along range 204+00-D. A heavy drill mud, consisting of weathered shale
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and bran, was used as a drill fluid. It was necessary to work continuously
around the clock and the mud had to meet a specified density in order to keep
the well from flowing wild as soon as the pervious strata was reached. As
soon as the first few wells were installed and in operation, the pressure in

the area decreased and drilling operations were less critical.

The procedure of drilling the well, installing casing and screen, and
stabilizing are briefly described as follows: The hole was drilled open hole
to a nominal depth that varied from 20 ft (6 m) to 50 ft (15 m) before casing
was installed. Drilling was then resumed using a bit that just went inside
the casing, and after drilling ahead of the casing from 10 to 30 feet (3 to
9 m), casing would be added and driven. The casing was driven until it was
seated about 1 foot (0.3 m) into the pervious gravel strata. Drilling then
continued through the pervious strata to the desired depth, and perforated
casing (or screen) was set. A blank section approximately 5 feet (1.5 m)
long was used on the upper end of the screen and extended into the upper
casing. A band of burlap was fitted around the top of the blank section and
served as a seal between the screen and riser casing. The wells installed
were 6-, 8-, and 10-inch (150, 200, and 250 mm) iron pipe with screen
sections made from pipe 2 inches (50 mm) smaller in diameter. The
perforations of the screen section were made with a cutting torch and
counsisted of slots 3 inches (75 mm) long spaced 6 to 8 to the circumference
and 6 inches (150 mm) center to center along the length of the pipe. The
width of slot varied from 1/8 inch (3 mm) to %-inch (13 mm) with larger slots
being favored as the well installation proceeded. The larger size slot,
however, proved to be hard to stabilize as only a small percent of the
foundation material exceeded the %-inch (13 mm) size. After the fnstallation
of the screen section, jetting rods were run to the bottom of the well and
the heavy drill mud was jetted out allowing the well to flow. Considerable
material from the foundation was i{initially discharged by some wells and in
others the pervious strata had hecome mudded up and the wells produced only a
small flow. The wells were cleaned out and stabilized by surging with air
pressure. Alr pressure was introduced intermittently to the screen area

through pipes and this produced a violent surge ir the well which washed out




all the drill mud and removed the fines from the filter area around the
screen. After surging a well for several hours, the flow was clear under all
normal operating conditions and the well produced a large discharge with very

little drawdcwn loss into the screen.

7.3.4 Operation of Temporary Wells. The construction of the wells was

completed in September 1942. As the wells were installed the pressure in the
area decreased. A serles of tests was performed on the well system during
November of 1942. These tests demonstrated that the well system was adequate
and also demonstrated the necessity of draining both the upper and lower
gravel layers. A meeting of the Board of Consultants was called for the
spring of 1943 to review the system after this period of stable operation.
The Board of Consultants considered the system of relief wells as installed
adequate for maximum reservoir conditions but recommended that a new system
of more permanent wells be planned to replace the original wells as soon as
materfal was available after the war. Plate 7-6A shows the hydraulic
gradient through the dam at statfon 60+00 prior to, during, and after the
installation of the temporary well system.

The temporary well system functioned without trovble until June 1944
when one well failed. This well gave a slight warning by discharging an
occaglonal plece of gravel for some time preceding failure. Upon failure,
the discharge from the well was reduced to about 15 percent of normal and

soundings showed that the screen had collapsed.

Operations were started at once to mud back the well and remove the
screen. It was 1impossible to reéover the screen itgelf, but a 5-foot (1.5 m)
unslotted section was recovered. This section showed serious deterioratlon,
and upon being weighed it was found that two-thirds of the metal had wasted
away. As {t was lmpossible to recover the remainder of the screen, drilling
operations were started and the old screen which was filled with gravel was
drilled out. During the drilling operations 1t was discovered that the
casing also was very thin. Therefore, in replacing the screen, a riser pipe

the same size as the screen was extended to the surface and effective seal
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with oakum was wade between the two pipes at the ground surface. The flow
from the well was less than that prior to failure, but this was expected due
to the smaller size of riser pipe, and also because the new screen extended

only into the upper gravel layer.

While work was proceeding on the failed well the adjoining well also
failed. Soundings showed that the screen in this well had also collapsed.
This well, upon failure, did rot discharge any material, but the flow was
reduced to a very small amount. As this well was not a heavy producer at any
time it was decided to abandon it. Later three additional wells failed.

They were also abandoned.

7.3.5 Testing Msterisls for Permanent Wells. Upon the failure of the

first well, studies were commenced that were necessary for planning a more
permanent well system. At the same time, it was considered advisable to
install some new emergency relief wells in case other wells should fail and
to install screens in all pilezometer plpes along the downstream toe so they

could act as emergency relief wells. Four new wells were installed.

In installing these emergency relief wells, it was planned to make use
of different materials in some of the wells in order to test their durability
in actual use. As a consequence, orders were placed for test samples of
different kinds of material. Contact was made with a commercial well screeas

company to make up a composite well screen to include the following:

a. Standard brass tube extension on top.
b. Monel section.

¢. Silicone reel brass section.

d. Everdur section.

€. Super nickel section.

f. Ambrae sectlon.

g. Armco iron (double galvanized).
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This screen was {nstalled in well 17A. A galvanlzed screen was installed in
well 13A, which tapped both gravel layers. A test brass riser pipe and
screen section was {nstalled in well 9A and this well also tapped both gravel
layers. Ovdinary {iron pipe was used for screen and riser pipe for well 15A
which also tapped both gravel layers,

In addition to installing various kinds of materials in the emergency
wells, special studies of cathodic protection for wells were started. One
well was equipped with cathodic protection. Another surface test was started
which furnished different degrees of protection to small sectlons of pipe
which were placed in a trough in the discharge basin of one of the wells.
These samples were taken out and cleaned and weighed at regular intervals,
and at the end of the test it was readily apparent that the unprotected
specimen lost weight at a much greater rate than the protected samples and

the greater the protection the less weilght the sample lost.

In addition to these tests on metallic materlals, investigations were
made ou nonmetallic materials for pussible use in the wells. 1In the consid-
eration of nonmetallic substances, commercial firms were contacted as to the
avallability of their product for use in well installations. Consideration
was glven to the possibility of uslng wood, glass, concrete, transite, tile,
and plastics for well casing and screen. Samples of concrete and transite
pipe were secured and hung in the top of a well to test the action of flowing
well water on the material. Sections of plastic pipe were secured and
slotted for screen and installed in one of the temporary wells inside the
existing screen as an auxfillary screen. The plastic was not as strong as
expected and was quite brittle. At the end of 3% years of service in the
well, the test section of plastic screen was removed and was apparently {in
the same condition as when 1installed. Several sections of 10~ and 12-inch
(250 and 300 mm) transite pipe were ordered. Working with the actual pipe in
the machine shop, a slot design and method of coupling the pipe together with
a flush joint was developed. However, these tests Wwere not carried further
due to the fact that it was decided at this time to use wood pipe for the
permanent well fnstallation.
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7.3.6. Design of Permanent Well System. Preliminary studies for the

actual design of a permanent well system were started in 1945. It was
desired that in designing a permanent well system it should at least equal
the performance of the temporary system which had proven itself adequate. A
study indicted there would be no decided advantage in moving the wells closer
to the toe. Also, when considered from the construction point of view, {t
was advantageous to locate the new wells so the exiating discharge ditch
could be used. Also, the old wells could be salvaged as piezometers. With
this in view, the new wells were located on the same line as the o0ld wells.
Another advantage was that more complete foundation data was available along

this line.

At the meeting of the Board of Consultants for the Garrision and Oahe
Dams at Bismarck, North Dakota, on 10 September 1945, preliminary plans for
the permanent relfef wells for Fort Peck were discussed informally with
representatives of OCE and MRD. At this discussion wood pipe was recommended
very strongly as an {deal material which would be resistant to corrosion, and
it was suggested that studies be made as to its use for the permanent well
system at Fort Peck. It was also recommended that in view of the past
performance of the temporary well system that the same well spacing of 125

feet be retained for the permanent well system.

As soon as the wood pipe was recelved work was started on the design of
slots and methods of coupling the pipe together. It was recognized that wood
pipe would not be suitable if subjected to alternate wetting and drying.
Therefore, transition section was designed so a change could be made to
corrosion-registant metal above the saturation line. The slot design and
machine for cutting the slots, the couplings, bail plug, and transition
section were designed and worked out at Fort Peck on the actual wood pipe.
Originally, a vertical slot was planned but when a later shipment of pipe was
received with closer spaced wire banding, an alternate horizontal slot design

was developed.
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7.3.7 1Installation of Permanent Pressure Relief Wella. The contract

for the relief wells at the downstream toe of the Fort Peck Dam, W24-0l6-eng-
82, was awarded to Joel Norling of Billings, Montana, on 27 April 1945, The
drilling details for each well are availabie in the drill log for each well.

The contractor chose to use cable tools and spudding bit for the
drilling of the rvelief wells. Drilling operations started on 14 June 1946.
Surface strata of sand was drilled without trouble and the hole was cased
with 12-inch casing as drilling proceeded. When the layer of bentonitic clay
was reached at about the 30-foot (9 m) depth progress stopped. The material
kept squeezing in and after drilling awhile large amounts of mud could be
bailed from the hole. Finally, after several days of drilling, enough mate-

rial was removed so there was a subsidence of the area around the casing.

It was concluded that the bentonitic clay could not be drilled by cable
tools using a spudding bit. Operations were clogsed down and the contractor
changed over to Jettling equipment on a trial basis. The drilling then
progregssed rapidly but there was considerable delay ia securing samples. It
was finally decided to discontinue sampling and the contractor rented a
suitable pump and related jetting equipment which was used for the remainder
of the Job. The following procedure was followed 1in general for the
installation of the remainder of permanent pressure relief wells. The
contractor used commercial bentonite as drill mud, and while drilling through
the clay layer, addicional mud was made from the drilling operation. The
holes were drilled open hole from the surface to the desired depth. Teu—inch
(250 mm) drill casing was then Installed and driven until seated in firm
material. At times the hole had to be reamed out 1in order to {nstall the
casing to grade. After the casing was seated in the clay or shale
foundation, the drill mud was Jetted out of the pipe. The wood screen and
plpe was then assembled and installed so that the screen sections matched the
pervious foundation. The wood pipe was buoyant and had to be forced into
place and then held down by inserting several 1lengths of drill pipe for
weight. The water in the pipe was then replaced with drill mud in order to
keep the well from flowing as the temporary drill casing was removed. The
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temporary casing usually had to be started with jacks due to material caving
in around the pipe. After pulling a few feet with jacks, the remainder of
the temporary casing was pulled with the drill rig. Drill mud was added as

the casing was removed.

After the temporary drill casing was removed, the annular space between
the permanent wood pipe and the surface of the hole was grouted. Grout pipe
wag 1ingerted to a depth of 19 feet (6 m) below the ground surface and
grouting was started at this elevation. The grout used was composed of equal
parts of sand and cement with sufficient water added for workability. When
the hole would not take grout by gravity, alr pressure was used to force the
grout through the grout pipe. The wells took varying amounts of grout with
the average being approximately 13 cubic feet (0.4 m3) per well. After
grouting was completed, a concrete block was placed around the traunsition
section. This block tied into the grouting below. After pouring the
concrete block, the well was allowed to stand for a couple of days before the

mud was jJetted out and the well allowed to flow.

The surging of the well usually began as soon as it started to flow.
Air pressure was introduced through 2-fnch (50 mm) pipes at about 2-foot
(0.6 m) intervals of elevation for the entire length of screen section. The
surges of air were introduced at varying time intervals but usually averaged
about 30 surges per hour. For the entire job the average was 8 hours of
surging for each well which included time required for setting up and
dismantling of the equipment required for this work. After the surging was
completed, the flow from each well was clear and no sand, silt, or clay was

discharged.

7.3.8 Summary of Observation Data. Plate 7-7 presents a plan view and

profile of the permanent pressure relief well installations and the emergency
wells that were salvaged as permanent plezometers. The original system of 21
emergency pressure relief wells was installed along range 20 in 1942 to

relieve excessive hydrostatic pressure along the downstream toe. Plate 7-8
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shows a typilcal well irstallation. Plates 7-9 through 7-18 show the overall
obgervation history of the pressure relief well system between 1942 and 1982.
In general, these data show a decease in well discharge each year through
1953; after 1953, the reservoir was drawn down to near minimum pool elevation
and did not again reach normal operating range until 1964; and after 1965,
the well discharge continued to decrease but at a much slower rate than
before 1953,

7.4 BOWNSTREAM PRESSURE WELLS AND PIRZOMETERS. Piezometers were installed
during 1939 and 1940 along sections at stations 35+00 and 60+00, to measure

the hydrostatic pressure in the foundation gravel that exists between the
bedrock and the overlying «clay stratum. Additional piezometers were
installed in 1942 along a section at statiom 70400 and in 1951 at station
504+400. The overall pressure pattern 1s shown on plate 7-19. This pressure
pattern has shown little change with time and its prime value is to indicate
the location along the sheet pile cutoff wall where most of the seepage is
coming through. This 1location appears to be between station 50+00 and
station 55+00, where the drop across the sheet pile wall is a minimum value.
Plates 7-20 through 7-27 show the hydrostatic pressure record beneath the
clay stratum through May 1982 along sectlons of stations 35+00, 50400, 60+00,
and 70+00.

7.5 HEAD LOSS YHROUGH SHEEY PILING. Initially, the head loss through the
sheet piling was determined by graphically plotting the pilezometer observa-

tions on a section and measuring the drop across the sheet piling. It soon
became evident that the graphically determined head loss varied with the pool
elevation even though there was a steady increase in head loss when data from
a number of years were compared. It was therefore coansidered advantageous to
have a mathematical procedure for determining head loss that would eliminate
fluctuation based on pool evaluation. By expressing head loss across the
sheet pile as equivalent foundation 1length, it was determined that

fluctuations were eliminated and that the analyses of increases in a
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sheet pile effectiveness with time was easier. This procedure is illustrated

on plates 7-35 through 7-42.

The data presented on plates 7-39 and 7-40 for the section at station
60400 1is considered to be most representative as this section is near the
center of the foundation area drained by the pressure relief wells. The effec-
tiveness of the sheet piling at this section, expressed as equivalent
foundation length, increased at about 115 feet (35 m) per year between 1942
and 1962. Prom 1962 to 1982, the 1increase averaged 30 feet (9 m) per year.
Plates 7-37 and 7-38 present the record for the section at station 50+00.
This section is very close to the point of minimum drop across the sheet
pilling. The record indicates that the head loss, expressed as equivalent
length of foundation, has varied and even decreased for short periods of
time. For the overall period between 1951 and 1970, there was, however, a
gradual increase which averaged 21 feet (6.4 m) per year. From 1970 to 1982,
there was no significant change in the head loss. In general, these graphs
indicate that there has been a gradual increase in the effectiveness of the
sheet pile wall through May 1982.

7.6 ANALYSIS OF SEEPACK PERFORMANCE. Plates 7-35 through 7-42 also show

the seepage performance of the foundation at the four representative sections

of the dam. The observation data are mathematlically analyzed for each
observation date and the results of these analyses are plotted on each plate.
The section at the top of each plate shows a graphical representation of the
observation data for a representative date. The time graph plotted below
furnishes a ccotinuous record of the data. In most cases, an average line
has been drawn through the plotted data to represeant as closely as possible
the average trend or condition at any time even though there may be
considerable variation in plotted points. These data represent foundation
conditions after the installation of the emergency pressure relief well
system in 1942. The line of wells 1s considered to be the origin for
foundation resistance. All distances shown on the graphs are measured from

the line of wells. The “"total foundation resistance” lifne shown on the graph
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is the point where the hydraulic gradient extendeu from the upstream side of
the sheet piling intersects the reservolr surface. A horfzontal 1line has
been drawn across ecach graph, except at station 50+00, which represeats the
average total foundation resistance at the start of pressure relief well
operation. The difference between this horizontal line and the line drawn
through the plotted points represents the increase in foundation resistance
since the installation of the wells. It is believed that the increased
upstream reéistance is due to sedimentation and compacticn of blanket
material over the pervious zoune by the downward seepage gradient. The total
head loss expressed as foundation resistance includes the extra foundation
length Jdue to sheet piling. The total head loss expressed as foundation
resistance and the upstream foundation resistance have 1increased over the
years and the total increase from start of observation through January 1982

for each of the four sectlons is presented on tables 7-1 and 7-2.

TARLE 7-1

INCREASE IN TOTAL HEAD LOSS (EXPEESSED AS FOUNDATION RESISTANCE)

1943 1951 1981 Total Increase
Station ft/m ft/m ft/m ft/m
35400 6,400/1,950 12,900/3,950 6,500/1,985
50400 5,900/1,800 6,500/1,980 600/180
60+00 6,700/2,045 10,500/3,200 3,800/1,160
70400 9,300/2,840 15,400/4,7001/ 6,100/1,860

1/ Upstream piezometer under water since 1976.

TABLE 7-2

INCREASE IN FOUNDATION RESISTANCE

1943 1951 1981 Total Increase
Station ft/m ft/m ft/m fr/m
35+00 5,400/1,647 6,300/1,920 900/275
50+00 5,300/1,65 5,700/1,740 400/122
60+00 5,800/1,770 6,600/2,015 800/245
70400 6,500/1,980 8,400/2,560L/ 1,900/580

l/ Upstream piezometer under water since 1976.




7.6.1 Conclusions. The sgeepage performance data indicate that seepage
conditions improved with time after reservoir operations commenced. If the
cutof f wall should become entirely ineffective at some future date, the
existing relief well system along the downstream toe 1is adequate to provide
underseepage control of the deep pervious strata without the benefit of the
sheet pile cutoff wall.

7.7 HEAD LOSS THROUGH SHEEY PILINC ABOVE CLAY STRATUM. As shown by the
underseepage data presented on plates 7-43 through 7-46 for the years 1942

through 1982, the steel sheet piling cutoff wall serves as a rather positive
cutoff in the semipervious zone between the core of the dam and the top of
the clay stratum. This zone varies in thickness and permeability but would
be capable of transmitting considerable seepage if it were not cut off by the
sheet piling. The upstream sand shell transmits pressure to the upstream
side of the core. Therefore, the hydrostatic head in this area is close to
reservoir presgsure. Piezometer 1nstallations upstream and downstream from
the sheet piling indicate a large drop across the cutoff wall. The upstream
plezometers register a hydrostatic pressure which 1s only slightly less than
regervoir elevation and varies with the reservoir. The downstream
plezometers vary only slightly and reflect the downstream water table
projected back to the cutoff wall 4t a very slight hydraulic gradient. The
records 1indicate that the cutoff wall is very effective in this zone and
there are no indications of failure. If the cutoff wall becomes ineffective
at some future date, however, the toe draim discharge would increase consid-

erably and a more effective toe drain installation would be necessary.

7.8 LEFT ABUTHMENT PORE PRESSURE. A report prepared about 1941 entitled
“"Report on Investigation of Hydrostatic Pressures In the Foundation Shale

under the Fort Peck Dam"™ covered the pore pressure investigation of the
foundation of the Fort Peck Dam that was made as a result of the slide
investigations. A few of the installations were left in place for future
observations. Plates 7-47 and 7-48 show the embankment foundation cross

gection and the results of all observations betweer 1940 and 1982. The cross




section shows the location of cach plezometer and the zone where the pore
pressure 18 being measured. The most spectacular of the pore pressure
plezometers is FU 78.24/05 which had maintained a pressure which exceeded the
crest of the dam by about 50 feet (15 m) until 1966. The graph indicates the
pressure was decreasing at the vate of about 1.5 feet (.05 m) per year for
periods when the reservoir nas averaged about the same elevation. During the
early years when monthly obervations were made, it was evident that the
weight of the reservoir was reflected as pore pressure. In 1966, this
plezometer was uncapped and allowed to discharge at a stabilized rate of 2
gallons (7.6 1liters (L)) per day. During 1970, the pipe was capped and
pressure observed for a 3-month period. The stabilized pressure indicated a
head loss of about 10 feet (3 m) or a loss of head of slightly over 2
feet (.6 m) per year for this period of discharge. This uncapped plezometer
is presently discharging at a stabilzed rate of about 1.0 gallon (3.8 L) per
day. These plezometers should be obsecrved as long as the hole stays open and

the pipe is in condition to be observed.

7.9 RIGHT ABUTMENT "A" FADLT INVESTIGATION. The "A" fault was thoroughly

investigated during the slide investigation and certain pilezometers were left

in place for future observation. The plan and sections, shown on plates 7-49
and 7-50, indicate the location of the "A" fault and the plezometers. The
sections also show the 1location of numerous additional holes which were
drilled to thoroughly investigate the fault. Piezometer PU 7.99/0.67 which
is upstream from the core was rehabilitated in 1946 and a slotted 2-inch pipe
with sand backfill around the screen was installed through the fault area.
From 1946 to 1982, the hydrostatic pressure shown in this piezometer has
averaged close to reservoir elevation. The downstream piezometers indicate
the gradient through the fault. Downstream from the core, the surface
exposure of the fault is covered with clean pervious sand shell material
which can safely take care of any seepage finding its way through the fault.
The record of the piezometers as shown on plates 7-49 and 7-50 indicates
there have been no changes during years which could be of concern. After the
slide, a report was forwarded to the Board of Consultants entitled "Report on
Investigation to Determine Permeability of 'A' Fault in Right Abutment of
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Fort Peck Dam.”™ No coples of this report are available but it is summarized
in reference 43. 1In general, it was concludel there was little chance of
appreciable seepage developing through this fault zone, but piezometers would
be maintained as long as possible to keep check on hydrostatic conditiomns in

the fault area.

7.10 CORE INVESTIGATION AT STATION 35400. During 1944 and 1945 a number of
pilezometers were installed in the core section of the dam at Station 35+00 to

determine the true effectiveness and pressure contour pattern through the
core section. Plates 7-51 and 7-52 summarize conditions for the period from
1945 to 1982. Graphs to the right of each plate show the time record of each
individual piezometer for the period of record. The location of the bottom
of each pilezometer is shown on the section to the left of each plate. The
contours were drawn from this available data and the saturation 1line
downstream of the core was determined from perforated seepage pipe data.
These contours are considered representative of conditions 1in the core
section of the dam and indicate the core section is performing effectively.
During 1977, when the pool was receding from the relatively elevated level,
several piezometers indicated questionable increases in pressure. Numerous
piezometers which had not been read for a number of years, but not formally
abandoned, were read as a comparison to those being actively read. All core
plezometers were closely observed for sgeveral months following the incident.
A concentrated program was initiated to check the effectiveness of all exist-
ing project plezometers. It was detemined that several of the questionable
instruments were indeed inoperative. However, relatively high pressure
increages indicated by PD 35/1.4 and PD 35/1.7 could not be attributed
entirely to their operational condition. It was assumed that the embankment
was slowly feeling the effects of the 1975 and 1976 elevated pool period.
The phreatic surface within the embankment drops sharply as it penetrates the
zone & shell, substantiating 1its relative drainage characteristics. The
plezometers located within the zone 4 material are subject to substantial

fluctuation with pool changes, although they may lag by several months time.




7.11 HNISCELLANEOUDS OBSKRVATIONS. Seepage plpes are perforated pipe
fnstalled {n <che hydrAaulie f1i11 and designed to determine the average

saturation or phreatic 1line in the fill. The pipes consist of 4-inch
perforated iron pipe and all pipes were set so the bottom was below the
saturation line. These installations should have a long life as nothing
short of collapse should take them out of service. They were flushed and
cleaned several times after installation but have now served from 1956 to
1982 without maintenance. Plate 7-53 shows the locations of all seepage
pipes and plates 7-54 through 7-71 show observation data from 1947 to 1982.
Plate 7-72 is a pressure contour map showing the hydrostatic pressure above
the clay stratum for the area downstream from the core of the dam and also
includes the area downstream from the dam to about range 30 downstream.
Plate 7-73 shows the details of the presently installed toe drain after
repairs were completed in 1958. Plate 7-74 shows the toe drain discharge
fluctuation from 1960 to 1982. The discharge correlates well with pool
elevation and it does not appear that there is a lessenlug of the toe drain

system's effectiveness.

Saturation line observations at embankment stations 115400, 145+00, and
165+00 are presented on plates 7-75 through 7-80. These data, which cover
the period between 1947 and 1982, indicate that the saturation 1line
downsgtream from the dike has been slowly rising since the reservoir has been
at the present high operating level which started in 1965. This area has

been under constant observation since June 1965 when a number of observation

points were established to check on seepage in this area. It 1s possible
that, in the future, a drain may have to be installed along the toe of the
dike .




SECTION VIII -~ EMBANKMENY MOVEMENT OBSERVATIONS

8.1 GEMNERAL. Reference 43 covers the embankment and foundation movements
to 1957 and should be referred to for the details of the various monuments
and the history of their installation and observation. In general, movement
observaﬁions were started in 1935 when embankment construction was started.
These installations were brought up through the embankment and observations
continue to the present date. Settlement monuments were installed on the
crest as the embankment neared completion; these installations were used for
both horizontal and vertical wmovement observations. Numerous tabular and
graphical records are kept up to date which show the movement of the dam and
foundation at all observation puints. This review of movement will consist

of selected graphs and plates summarizing the movement to date.

8.2 EMMINKMENT MOVEMENT OBSERVAYIORS

8.2.1 Esmbankment and Difke Motien. The location plan of benchmarks and

embankment settlement and foundation subsidence pipes 1s presented on plate

8~1. The record of crest settlement aund time/movement plots are shown on
plate 8-2.

Horizonal control record of the crest and toe movement mounuments 1is

plotted on plate 8-3.

The record of dike settlement 18 presented on plates numbers 8-4 and
8-5. Settlement of this left embankment extension has been minor since 1965.

8.2.2 Youmdation Settlement Record. Foundation settlement data are

shown on plates 8-6 through 8-~13. Recent surveys indicate no significant

change in the measured foundation subsidence.

8.2.3 Tiltmeter Obssrvatioms. A single tiltmeter was installed in

1973 to wmonitor creep in the valley alluvium as well as horizontal motion in

the embankment. To date, no appreciable motion has "een noted.
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View of ''Closure' section of dam embankment.

FORT PECK DAM, MONTANA
EMBANKMENT CRITERIA
AND PERFORMANCE REPORT PLATE A-5
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FORT PECK DAM, MONTANA
EMBANKMENT CRITERIA
AND PERFORMANCE REPORT

View of closure operations. A total of 140 carloads of gravel (over 5600 cu. yds.) were dumped in two hours. The

closure involved dumping a total of 11,500 cu. yds. of field stone and gravel.

PLATE A-9
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PLATE A-10

FORT PECK DAM, MONTANA
EMBANKMENT CRITERIA
AND PERFORMANCE REPORT
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PLATE A-12

MONTANA

1

EMBANKMENT CRITERIA
AND PERFORMANCE REPORT

FORT PECK DAM
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A

MISSOURX RIVER
FORY PECK LAKE, MONTARA
BIBLIOGRAPHY OF REVERENCE DATA
(AVAILABLE IN OMAHA DISTRICT OFFICE)

Miscellaneous Reports and Memorandums

1.

2.

ko

5.

6.

7.

9.

10.

Subject
Cost Estimates, Fort Peck Dam and Reservoir Project Used
in 308 Report

Excerpts from Appendix IX to 308 Report, Main Stem of
Missouri River and Minor Tributarles

Letter of Transmittal of Cost of Earth Dam on the

Missouri River near Fort Peck, Montana

Preliminary Report on Practicability of Proposed

Fort Peck Reservoir from the District Engineer

Letter of Approval for Construction Plan for Fort Peck

Reservoir from Chief of Engineers

Coustruction Plan for Fort Peck Reservoir from the

District Engineer
Minutes of the Board Meeting
Minutes of the Board Meeting

Preliminary Report on the Geology of the Fort Peck Dam
Site. Chester K. Wentvorth

Report on Fort Peck Dam Design. D. C. Henry

B-1

Date

14 October

23 October

24 November

31 October

27 November

28 November

26 September

8 December

1933

1933

1933

1933

1933

1933

1933

1933




P—-—————-———-——— )

Subject Date

11. Letter dated 18 January 1934 Transmitting the

Minutes of Board Meeting 11-12 January 1934
12. Minutes of Board Meeting 12 March 1934
13. Minutes of Meeting of Consultants 16 April 1934
14. Minutes of Meeting of Consultants 25 July 1934
15. Port Peck Spillways from the Division Engineer 3 August 1934
16. Minutes of Meeting of Consultants 24 August 1934

17. Letter dated 17 April 1935 Transmitting

the Minutes of Board Meeting 8-10 April 1935
18. Minutes of Meeting of Consultants 10 June 1935
19. Report on Methods of Determining the Stability of

Embankments. The Soil and F1ll Control Division of

the United States Engineer Office, Fort Peck, Montana May 1938
20. Data on Slide Investigation 7 October 1938
21. Fort Peck Dam Slide Investigation 19 November 1938
22. Report of Board of Engineers for Fort Peck Dam 13 February 1939
23. Reeott of Board of Engineers for Fort Peck Dam 3 March 1939

24. Report on Design of Fort Peck Power Development
from the Division Engineer 31 March 1939

B-2




25,
26.

27.

28.

29.

Subjggg

Report of Board of Consultants, Fort Peck Dam
Report of Inspections. Dr. Gilroy and
Mr. Irving B. Crosby

Report of Consultants

Notes on Consultants' Meeting

Seepage and Hydrostatic Pressure at Downstream

Toe of Fort Peck Dam

Special Reports

30.

31.

j2.

33.

36'

35.

36.

37.

Fort Peck Dam - Computations for Stability

Report on the Slide of a Portion of the Upstream
Face of the Fort Peck Dam

Report on Head Loss Through Sheet Pile Cutoff
Wall at Fort Peck Dam

Report on Improvement of Relief Well Design
at Fort Peck Dam

Report on Powerhouse Slope and Outlet Portal
Wall Movement Studies at Fort Peck Dam

Report on Existing Toe Drain at Fort Peck Dam

Report on Spillway Movement Observations of
Fort Peck Dam

Movement Obgervations First and Second

Powerplants, Fort Peck Dam

B-3
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Date

17 June

24 August

25 September

30 June

1 July

July

July

June

October

May

September

January

1939

1939

1939

1942

1942

1935

1939

1949

1951

1959

1961

1971

1963




Subject Date

38. Rock Strength from Failure Cases: Powerhouse Slope

Stability Study, Fort Peck Dam (Hamel) September 1971

39. Dynamic Analysis of Fort Peck Dam,
U.S. Army Engineer Waterways Experiment
Station Technical Report 5-76-1 March 1976

Periodic Inspection Reports — Dam, Spillway, Outlet Works, and Powerplants

40, Periodic Inspection Report No. 1 August 1971
41, Periodic Inspection Report No. 2 June 1974
42. Periodic Inspection Report No. 3 August 1979

Operstion and Maintenance Maunals

43. Embankment September 1957
44, Spillway September 1957
45. Powerplant No. 1, Volumes I, II, and III September 1957

46. Diversion Tunnels September 1957

47. Powerplant No. 2, Volumes I and II 1970

48. Appendix E - Contingency Plan for Emergencles




Design Memorandums ﬁ

Date Date i

Number Title Submitted Aggroved if
49. 1 Modifications to Control Shaft -
50. - Tunnel No. 3 February 1955 -
51. - Supplement June 1955 -

52. - Model Testing, Modification of

Control Shafts Tunnel No. 4 July 1959 -

53. MFP-1-99 Unassigned -

54, MFP-100 Report on Analysis of Design
Second Powerplant July 1959 -

55. MFP-~101 Recreational Facilities Proposed
for FY 1961 January 1961 Februa.y 1961

56. MFP~102 Modification to Transformer
‘Untanking Facilities Power
Plant No. 1 June 1961 July 1961

57. MFP~103 Additional Recreational Facilities May 1962 June 1962

58. MFP-104 Permanent Housing and Related

Faclilities January 1964 -
59. MFP-105B Public Use Facilities December 1963 April 1964
60. MFP-105C Master Plan September 1965 June 1966
B-5




Date Date
Number Title Submitted Approved
61. MFP-106 Splllway Gate Structure x
Downstream Joint Repair February 1964 May 1964
62. MFP-107 On-Project Signs April 1964 May 1964
63. MFP-108 Permanent Housing and
Related Facilities November 1964 August 1965
1 64. MFP-109 Appraisal and Rehabilitation
of Downstream Portion of
Fort Peck Spillway June 1965 March 1967
65. MFP-110 Intake Structure Bulkhead August 1966 August 1968
66. MFP-111 Hell Creek Access Road April 1967 May 1968
67. MFP-112 Service Road Rehabilitation
Dam and Vicinity March 1969 October 1969
68. MFP-113 Spillway Slope Excavation, Stage II April 1970 June 1970
69. MFP-114 Additional Storage,
Shopping Center August 1970 September 1970
70. MFP-115 Miscellaneous Rehabilitation
Powerhouse - Spillway Areas November 1971 January 1972
71. MFP-117 Richardson Coulee Line Terminal
Revisions and Replacement 115
KV Disconnect Switches July 1973 August 1973
72. MFP-118 Spillway Slope Excavation September 1973 -
B-6




73.

74,

75.

76.

717.

78.

79.

80.

81.

82.

83.

854.

Number

MFF-119
MFP-120
MFP~121
MFP-122

MFP-123

MFP-124

MFP-125

MFP-126

MFP-127

MFP~128

MPP-105C

MFP-129

MFP-130

Title

Derrick Boat Rehabilitatilon
Unassigned

Convert Heating, Hotel
Reactor Switching

General Thrust Bearing High
Pressure 011 Lift System

Outlet Works Modifications

Increagsed Power Output Capability
for Units 4 and 5

Fishing Dock for Handicapped

Embankment Toe Drain

Utilities Building Replacement

Appendix B of Master Plan

Galpin Coulee Erosion Control

Regrade Downstream Toe Area

B-7

Date
Submitted

Octobesr 1973

May 1976

June 1976

October 1976

August 1977

March 1978

November 1978

March 1980

March 1980

December 1977

April 1981

November 1980

Date
Approved

November 1973

July 1976

February 1977

Approval
Not Required

Approved

December 1980

badndt. 2 DO







